
 
 
Introduction 
 
This Service Manual was designed to help the Qualified Service Technician maintain and 
service Hoist Industrial Trucks.  Inside you will find detailed descriptions of 
components and the procedures to repair, replace and service these items. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
We hope this Manual assists you with any Repairs or Maintenance needed.  If you can 
not locate the procedure needed or have any additional questions please contact us. 
 
 
Hoist Liftruck, Mfg., Inc. 
 
Service Department 
Technical Assistance 1-800-367-5600           
Monday through Friday 8:00am – 5:00pm Central Time 



Maintenance And Rebuild Practices 
 
Provisions for Maintenance 
 
Powered industrial trucks may become hazardous if maintenance is neglected or repairs, 
rebuilds or adjustments are performed contrary to manufacture’s design criteria. Therefore, 
maintenance facilities (on or off premises), trained personnel and explicit procedures shall 
be provided. 
 
Parts manuals and maintenance manuals may be obtained from the truck manufacturer. In 
unusual cases not covered by the manuals, consult the truck manufacturer. 
 
Maintenance and inspection of all powered industrial trucks shall be performed in 
accordance with the manufacturer and user’s recommendations and the following 
practices: 
 

1. A scheduled planned maintenance, lubrication and inspection system shall be 
followed. 

2. Only trained and authorized personnel shall be permitted to maintain, repair, adjust 
and inspect industrial trucks, in accordance with manufacturers specification. 

Caution: 
Before starting inspection and repairs of  trucks: 

1. Raise drive wheels free of floor or disconnect  battery and use blocks or other 
positive truck positioning devices. 

2. Block load engaging means, inner masts, or chassis before working on them. 
3. Before disconnecting any part of the engine fuel system of gasoline-powered trucks 

with gravity feed fuel systems. Take precautions to eliminate any possibility of 
unintentional fuel escape. 

4. Before disconnecting any part of the engine fuel system of LP gas powered trucks, 
close LP tank valve and run engine until fuel system is depleted and engine stops. 
If the engine will not run, close LP truck valve and vent fuel slowly in a non-
hazardous area. 

5. On battery powered trucks, disconnect battery before working on the electrical 
system. 

6. The charger connector shall be plugged only into the battery connector and never 
into the truck connector. 

7. If the truck has a hydraulic accumulator installed in the hydraulic steering circuit, 
discharge the pressure in the hydraulic system by moving the steer handle or wheel 
back and forth until any stored oil pressure is depleted. This is essential to prevent 
any unintentional movement of the steering mechanism when the power to truck is 
disconnected. 

 
Brakes, steering mechanism, control mechanism, warning devices, lights, governors, lift 
overload devices, guards and safety devices lift and tilt mechanisms, articulating axle stops 
and frame members shall be carefully and regularly inspected and maintained in a safe 
operating condition.  
 
Special trucks or devices designed and approved for hazardous area operation shall receive 
special attention to ensure that maintenance preserves the original, approved safe operating 
features.  



Safety Precautions and Truck Maintenance Cautions 
 
 

The following “precautions” should be followed when working on a forklift. 
• Always wear eye protection. 
• Do not smoke while working on the vehicle. 
• Always turn the key switch to the OFF position, unless a procedure requires the 

key switch to be in the ON position. 
• Set the parking brake. Place chocks in the front and rear of the tires to prevent 

vehicle movement. 
• Always use approved safety stands or blocks, when having to work under the 

vehicle. 
• Always discharge capacitors prior to working with electrical components, to 

prevent dangerous electrical shock. 
• Always service industrial truck batteries in a well ventilated area, to prevent 

danger of explosion for accumulating gases. 
• Avoid contact with battery acid the corrosive acid can cause injury. 

 
The following is a list of lift truck maintenance “cautions” for trucks equipped with 
solid-state control panels. 

CAUTION WELDING ON LIFT TRUCKS 
• Make sure the vehicle has no grounds. 
• Disconnect the truck battery. 
• Protect electrical wiring and components from weld spatter with a shield. 
• Ventilate the battery or remove from the vehicle. 

Note: Damage to the wiring and electrical components can result if the directions 
above are not followed. 

 
CAUTION DO NOT STEAM-CLEAN  

Note: Steam cleaning a solid-state lift truck creates excessive moisture that 
will interfere with the proper operation of the solid-state components. 

The solid-state controls should be cleaned at regular intervals. Blowing dirt off with an 
air hose “207 kpa (30psi) max.” periodically. This will help eliminate any serious 
cleaning problems. 
 To do a thorough cleaning with a liquid follow the procedures below. 

• Disconnect the battery form the vehicle. 
• Use only water and mild detergent “dish washing detergent” 
• Air-dry  the controls thoroughly  before connecting the battery and 

putting the vehicle back into service. 
 

CAUTION CHECK BATTERY POLARITY 
Note: The battery polarity must be correct or the vehicle will not operate. 

 
CAUTION USE TRUCK BATTERY ONLY 

Do not use a motor generator unit or a battery charger to check or move a solid state 
controlled vehicle. Doing so can cause serious damage to the electrical components. 



TORQUING OF FASTENERS 

Objective: Recognize the importance of the proper torquing of fasteners and the required
torquing procedures. 

Fastener fatigue failure accounts for the majority of all fastener problems. Fatigue breaks 
are caused by insufficient tightening and the lack of proper preload or clamping force. 
This results in movement between the parts of the assembly and bending back and forth 
or cyclic stressing of the fastener. Eventually, cracks will progress to the point where the 
fastener can no longer support its designed load. At this point the fastener fails with
varying consequences.

TORQUING PROCEDURES 

For the nut to properly load the bolt and prevent premature failure, a designated amount 
of torque must be applied. Proper torque reduces the possibility of the fastener loosening 
while in service. The correct torque to apply when you are tightening an assembly is 
based on many variables. The fastener is subjected to two stresses when it is tightened. 
These stresses are torsion and tension. Tension is the desired stress, while torsion is the 
undesirable stress caused by friction. A large percentage of applied torque is used to 
overcome this friction, so that only tension remains after tightening. Proper tension 
reduces the possibility of fluid leaks.





dry treads lubricated treads dry treads lubricated treads dry treads lubricated treads class 8.8 class10.9 class12.9
DIA. [Ft-Ibs] [Ft-Ibs] DIA. [Ft-Ibs] [Ft-Ibs] DIA. [Ft-Ibs] [Ft-Ibs] DIA. [Ft-Ibs] [Ft-Ibs] [Ft-Ibs]

M4 2 1 M4 3 2 M4 4 2 M4 1 1 2
M5 5 3 M5 7 4 M5 8 5 M5 2 3 4
M6 8 5 M6 11 7 M6 14 8 M6 4 5 6
M7 13 8 M7 19 11 M7 23 14 M7 6 8 10
M8 19 11 M8 27 16 M8 34 20 M8 9 12 15
M10 37 22 M10 53 32 M10 66 40 M10 17 24 30
M12 66 39 M12 94 56 M12 116 70 M12 29 42 52
M14 104 62 M14 148 90 M14 184 110 M14 47 66 84
M16 162 98 M16 232 140 M16 290 172 M16 74 104 130
M18 230 138 M18 315 190 M18 395 238 M18 104 144 178
M20 325 196 M20 450 270 M20 560 335 M20 146 202 255
M24 565 340 M24 780 470 M24 972 585 M24 255 350 440
M30 1119 672 M30 1548 929 M30 1930 1158 M30 505 702 864
M36 1955 1173 M36 2705 1623 M36 3372 2023 M36 882 1224 1512

class 12.9 lock nuts

H O I S T   T O R Q U E   C H A R T
class 8.8 (standard) class 10.9





























Service Symbols
A‐Adjust        C‐Clean            CG‐Change 8 50 250 500 750 1000 1250 1500 1750 2000
GR‐Grease         X‐Check Hrs Hrs Hrs Hrs Hrs Hrs Hrs Hrs Hrs Hrs

Oil Level ‐ check for evidence of external leakage X X X X X X X X X X
Oil and filter element **Change oil and filter after first 50 hours, then follow schedule CG CG CG CG CG CG CG CG
Tune Up  (LPG Engines) CG CG
Crankcase breather C C C C
check engine mounts X X

Fill fuel tank ‐ check for leaks X X X X X X X X X X
Fuel Filters (diesel engine) CG CG CG CG CG CG CG CG
Fuel tank, cap, lines, and clamps X X X X X X X X
Fuel/Water Seperator CG CG CG CG CG CG CG CG
LP Fuel Filter CG CG CG CG

Check for leaks X X X X X X X X X X
Primary Air Cleaner Element  CG CG CG CG
Safety Air Cleaner Element CG
Precleaner C C C C C C C  C

PTX Purifier ‐ diesel only C C
Exhaust clamps X X X X X X X X
Check for exhaust leaks X X X X X X X X

Coolant level X X X X X X X X X X
Belt tensioner and belts X X X X X X X X X X
Hoses, clamps, and radiator ‐ check for leaks X X X X X X X X X X
Radiator (clean externally) as condition warrants X X X X X X X X X X
Drain and flush cooling system CG

Battery ‐ check water level and specific gravity X X X X X X X X
Battery ‐ Clean and inspect terminals C C C C C C C C
Battery ‐ Charge and Load test X X X X X X X X

Maintain fluid level to full mark and check for leaks X X X X X X X X X X
Clean transmission breather C C C C C C C C
Check function, all speeds X X X X X X X X X X

AIR INTAKE SYSTEM:

FUEL SYSTEM:

ENGINE:

Service Intervals

TRANSMISSION

ELECTRICAL SYSTEM

COOLING SYSTEM

EXHAUST SYSTEM:



Drain and refill transmission. Clean transmission oil intake filter screen ( use new gasket) CG CG
Transmission filter element. Clean filter housing (use new gaskets) CG CG CG CG CG CG CG CG

Lubricate all grease fittings GR GR GR GR GR GR GR GR
Inspect and repack hub bearings GR GR
Adjust wheel bearings A A
Check mounting bolts X X X X X X X X

Differential and planetary hubs ‐ maintain oil level X X X X X X X X

Differential and planetary hubs ‐ change oil CG

Inspect brake linings (drum and shoe type) X

Adjust slack adjusters A A A A A A A A

Grease s‐cams and slack adjusters GR GR GR GR GR GR GR GR

Check mounting bolts X X X X X X X X

Lubricate remaining grease fittings and linkages GR GR GR GR GR GR GR GR

Check tires, valve stems and caps, wheels, lugs. And tire pressure X X X X X X X X

Maintain hydraulic level in reservior X X X X X X X X X X

Check hoses and piping for crackes, chafing, leaking, and loose fittings X X X X X X X X

Drain, clean instde tank, and refill system CG

Replace hydraulic tank breather CG CG CG CG CG CG CG CG

Suction strainers CG

Return line filter **Change after the first 50 hours, then follow schedule CG CG CG CG CG CG CG CG

Control valve ‐ check for proper operation X X X X X X X X

Control valve ‐ check for leaks X X X X X X X X

Hydraulic cylinders ‐ check for leaks and damage X X X X X X X X

Accumulators ‐ check nitrogen precharge X X X X X X X X

Lubricate mast hinges GR GR GR GR GR GR GR GR

Lubricate all mast and attachment grease points including, main and side rollers, slides, carriage 
rollers, and all other grease fittings on mast. GR GR GR GR GR GR GR GR GR

Check all rollers for smooth motion X X X X X X X X

Check lift chains for rust, streching, and cracking X X X X X X X X

Check lift chains for proper adjustment A A A A A A A A

check chain anchors and pins for wear X X X X X X X X

MAST AND ATTACHMENT

HYDRAULIC SYSTEM

CHASSIS

DRIVE AXLE ** Torque Studs after first 10 Hours of Service, weekly thereafter

STEER AXLE ** Torque Studs after first 10 Hours of Service, weekly thereafter



Lubricate lift chains with chain lube GR GR GR GR GR GR GR GR

Check tilt cylinder racking A

Check mast chanels for cracks X X X X X X X X

check carriage for cracks X X X X X X X X

visually inspect forks for cracks and wear X X X X X X X X

Mag particle inspect forks X

check and adjust side thrust slides X X X X X X X X X



 
 
 

F-Series Chassis 



Chassis 
 
Contents of this section 
This section describes the repair procedures for the 
chassis and connected parts.   
 
Chassis 
The FKS chassis is a one-piece weldment and is 
designed for the utmost rigidity and reliability.  The 
chassis incorporates the front axle mount, overhead 
guard mounting, steer axle mounting, engine and 
transmission mounts, integral hydraulic and fuel 
tanks. 
 
 
WARNING                                         
The removal of the following assemblies will 
cause large changes in the center of gravity: 
mast, drive axle, engine and transmission, and 
the counterweight.   
The lift truck must be put on blocks for some 
types of maintenance and repair.  When the lift 
truck is put on blocks put additional blocks in 
the following positions to maintain stability: 

 
1. Before removing the mast and drive axle, put 

blocks under the counterweight so that the 
lift truck cannot fall backward. 

 
2. Before removing the counterweight, put 

blocks under the mast assembly so that the 
lift truck cannot fall forward. 

 
The surface must be solid, even, and level when 
the lift truck is put on blocks.  Make sure that 
any blocks used to support the lift truck are 
solid, one piece units. 
 
NOTE:  Some lift trucks have lifting eyes.  These 
lift points can be used to raise the lift truck so that 
blocks can be installed. 
 
 
 
 
 

How To Raise The Drive Tires 
 
1. Put blocks on each side (front and back) of the 

steering tires to prevent movement of the lift 
truck. 

 
2. Put the mast in a vertical position.  Put a block 

under each outer mast channel. 
 
3. Tilt the mast fully forward until the drive tires 

are raised from the surface. 
 
4. Put additional blocks under the frame behind the 

drive tires. 
 
5. If the hydraulic system will not operate, use a 

hydraulic jack under the side of the frame near 
the front.  Make sure that the jack has a capacity 
equal to at least half the weight of the lift truck.  
See the nameplate. 

 
How To Raise The Steering Tires 
 
1. Apply the parking brake.  Put blocks on both 

sides (front and back) of the drive tires to 
prevent movement of the lift truck. 

 
2. Use a hydraulic jack to raise the steering tires.  

Make sure that the jack has a capacity of at least 
2/3 of the total weight of the lift truck as shown 
on the nameplate. 

 
Put the jack under the steering axle or frame to raise 
the lift truck.  Put blocks under the frame to support 
the lift truck. 
 

 



How to Move a Disabled Lift Truck 
 

WARNING 
 

Use extra caution when towing a lift truck if any of the following conditions exist: 
  

a. Brakes do not operate correctly. 
b. Steering does not operate correctly. 
c. Tires are damaged. 
d. Traction conditions are bad. 
e. The lift truck must be towed on a slope. 

 
If the engine cannot run, there is no power available for the hydraulic steering 
system and the service brakes.  This condition can make the lift truck difficult to 
steer and stop.  If the lift truck uses power from the engine to help apply the brakes, 
the application of the brakes will be more difficult.  Poor traction can cause the 
disabled lift truck or towing vehicle to slide.  A slope will also make the lift truck 
more difficult to stop. 
Never lift and move a disabled lift truck unless the disabled lift truck MUST be 
moved and cannot be towed.  A lift truck used to move a disabled lift truck MUST 
have a capacity rating equal to or greater than the weight of the disabled lift truck.  
The capacity of the lift truck used to move a disabled lift truck must have a load 
center equal to half the width of the disabled lift truck.  See the nameplate of the 
disabled lift truck for the approximate total weight.  The forks must extend the full 
width of the disabled lift truck.  Put the weight center of the disabled lift truck on 
load center of the forks.  Be careful to not damage the under side of the lift truck.  
 
 
How To tow The Lift Truck 
 
The towed lift truck must have an 
operator. 
 
Tow the lift truck slowly. 
 

1. Raise the carriage and forks 
approximately 30 cm (12 inches) 
from the surface.  Install a chain 
to prevent the carriage and mast 
channels from moving.  

 
2. If another lift truck is used to tow 

the disabled lift truck, that lift  
 

3. truck must have an equal or 
larger capacity than the disabled 

lift truck.  Install approximately 
½ of a capacity load on the forks 
of the lift truck that is being used 
to tow the disabled lift truck.  
This ½ capacity load will 
increase the traction of the lift 
truck.  Keep the load as low as 
possible. 

 
4. Use a towing link made of steel 

that attaches to the tow pins in 
the counterweights of both lift 
trucks. 

 
 



MD-3 MAIN DISPLAY PAGE 
 

 

 
 

 
1) Water temperature gauge – Indicates water temperature of engine 
 

2) Fuel level gauge – Indicates the fuel level of the engine 
 

3) Oil pressure gauge – Indicates the oil pressure level of the engine 
 

4) Tachometer – Indicates the rpm of the engine 
 

5) Filter indicator – Displayed when either the transmission, air or hydraulic filter 
element needs replacing 

 

6) Air filter indicator – Displayed in conjunction with the filter indicator to indicate 
that the air filter element needs to be replaced. 

 

7) Hydraulic filter indicator – Displayed in conjunction with the filter indicator to 
indicate that the hydraulic filter element needs to be replaced. 

 



8) Transmission filter indicator – Displayed in conjunction with the filter indicator to 
indicate that the transmission filter element needs to be replaced. 

 

9) Battery indicator – Displayed when the charge of the engine battery is low 
 

10) Parking brake indicator – Displayed when the parking brake is engaged 
 

11) Oil pressure indicator – Displayed when the oil pressure of the engine is low 
 

12) Fuel level indicator – Displayed when the engine fuel level is low 
 

13) Transmission temperature indicator – Displayed when the transmission is at an 
unsafe temperature. 

 

14) Water temperature indicator – Displayed when the engine is at an unsafe 
temperature. 

 

15) Service indicator – Displayed when preventative maintenance of the vehicle needs 
to be performed.  (See adjustments section to reset after maintenancing) 

 

16) Hour meter – Displays the number of hours of operation 
 

17)  F1 function key – Use to view overload display page if vehicle is equipped with a 
shock sensor. 

 

18) Menu key – Use to view the menu display page 
 

19) F2 function key – This function key is inactive in this display page 
 

20) F3 function key – This function key is inactive in this display page 
 

21) F4 function key – This function key is inactive in this display page 
 

22) Back function key – This function key is inactive in this display page 
 

23) Up function key – This function key is inactive in this display page 
 

24) Accept function key – This function key is inactive in this display page 
 

25) Down function key – This function key is inactive in this display page 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MD-3 MENU DISPLAY PAGE 
 
 

 
 

 
1) F1 function key – Use to view adjustment menu 
 

2) F2 function key – Use to view measure menu 
 

3) F3 function key – Use to view preferences menu 
 

4) F4 function key – Use to view information menu 
 

5) Back function key – Use to return to main display page 
 

6) Menu function key – This function key can also be used to return to the main display page 
 

7) Down function key – This function key is inactive in this display page 
 

8) Accept function key – This function key is inactive in this display page 
 

9) Up function key – This function key is inactive in this display page 
 



MD-3 MAIN ADJUSTMENT DISPLAY PAGE 
 

 
 

1) Adjustment group – Listed are all item groups that have adjustable parameters 
 

2) Group security – If the listed adjustment group is password protected then an icon 
of a lock will be displayed. 

 

3) F1 Function key – Use to return to menu display page 
 

4) F2 Function key – This function key is inactive in this display page  
 

5) F3 Function key – This function key is inactive in this display page 
 

6) F4 Function key – This function key is inactive in this display page 
 

7) Back function key – Use to return to menu display page 
 

8) Menu function key – Use to view main display page 
 

9) Down function key – Use to scroll down and select between adjustment groups 
 

10) Accept function key – Use to view adjustment group display page 
 

11) Up function key – Use to scroll up and select between adjustment groups 
 



MD-3 SECURITY DISPLAY PAGE 
 
 

 
 

1) Pin code – The proper pin code must be entered in for making adjustments to the 
corresponding adjustment group**Pin code 6499 to make adjustments, pin code 
4200 to reset service hour meter 

 

2) F1 Function key – This key will tab the cursor to the first digit of the pin code 
 

3) F2 Function key – This key will tab the cursor to the second digit of the pin code 
 

4) F3 Function key – This key will tab the cursor to the third digit of the pin code 
 

5) F4 Function key – This key will tab the cursor to the fourth digit of the pin code 
 

6) Back function key – This key will return the display back to the adjustment page 
 

7) Menu function key – This key will return the display back to the adjustment page 
 

8) Down function key – Use to decrease the highlighted digit of the pin code 
 

9) Accept function key – Use to accept the highlighted digit of the pin code 
 

10) Up function key – Use to increase the highlighted digit of the pin code 
 
 



 
ADJUSTMENT GROUP DISPLAY PAGE 

(TRANSMISSION ADJUSTMENT) 
 
 

 
 

1) Transmission adjustment group – Listed are all transmission items that can be 
adjusted 

 

2) F1 Function key – Use to return to menu display page 
 

3) F2 Function key – Use to set highlighted parameter to its default value  
 

4) F3 Function key – This function key is inactive in this display page 
 

5) F4 Function key – This function key is inactive in this display page 
 

6) Back function key – Use to return to main adjustment display page 
 

7) Menu function key – Use to view main display page 
 

8) Down function key – Use to scroll down between transmission adjustments 
 

9) Accept function key – Use to view highlighted parameter adjustment page 
 

10) Up function key – Use to scroll up between transmission adjustments 



 
PARAMETER ADJUSTMENT PAGE 

(TRANSMISSION UPSHIFT) 
 

 
 

1) 2nd to 3rd Upshift value – Listed is the current RPM at which the transmission will 
shift from 2nd gear to 3rd gear 

 

2) F1 Function key – Use to return to menu display page 
 

3) F2 Function key – Use to set highlighted parameter to its default value  
 

4) F3 Function key – This function key is inactive in this display page 
 

5) F4 Function key – This function key is inactive in this display page 
 

6) Back function key – Use to return to transmission adjustment display page 
 

7) Menu function key – Use to view main display page 
 

8) Down function key – Use to decrease 2nd to 3rd upshift value 
 

9) Accept function key – Use to set 2nd to 3rd upshift value 
 

10) Up function key – Use to increase 2nd to 3rd upshift value 



 
MEASURE MENU DISPLAY PAGE 

 
 

 
 

1) Measure group – Listed are all item groups that have parameters that can be 
measured 

 

2) F1 Function key – Use to return to menu display page 
 

3) F2 Function key – This function key is inactive in this display page  
 

4) F3 Function key – This function key is inactive in this display page 
 

5) F4 Function key – This function key is inactive in this display page 
 

6) Back function key – Use to return to menu display page 
 

7) Menu function key – Use to view main display page 
 

8) Down function key – Use to scroll down and select between measure groups 
 

9) Accept function key – Use to view measure group display page 
 

10) Up function key – Use to scroll up and select between measure groups 
 



 
MEASURE GROUP DISPLAY PAGE 
(ENGINE DATA – SCALED VALUE) 

 
 

 
 

1) Measure parameter – Listed are all parameters and there value/state 
 

2) F1 Function key – Use to return to menu display page 
 

3) F2 Function key – Use to change values/states from scaled value to raw value  
 

4) F3 Function key – This function key is inactive in this display page 
 

5) F4 Function key – This function key is inactive in this display page 
 

6) Back function key – Use to return to measure menu display page 
 

7) Menu function key – Use to view main display page 
 

8) Down function key – Use to scroll down between measure parameters 
 

9) Accept function key – This function key is inactive in this display page 
 

10) Up function key – Use to scroll up between measure parameters 
 



 
MEASURE GROUP DISPLAY PAGE 

(ENGINE DATA – RAW VALUE) 
 
 

 
 

1) Measure parameter – Listed are all parameters and there raw value/state 
 

2) F1 Function key – Use to return to menu display page 
 

3) F2 Function key – Use to change values/states from raw value to scaled value  
 

4) F3 Function key – This function key is inactive in this display page 
 

5) F4 Function key – This function key is inactive in this display page 
 

6) Back function key – Use to return to measure menu display page 
 

7) Menu function key – Use to view main display page 
 

8) Down function key – Use to scroll down between measure parameters 
 

9) Accept function key – This function key is inactive in this display page 
 

10) Up function key – Use to scroll up between measure parameters 
 



 
 

PREFERENCES MENU DISPLAY PAGE 
 
 

 
 
 

1) F1 Function key – Use to go to display menu 
 

2) F2 Function key – Use to go to date/time menu 
 

3) F3 Function key – Use to go to language menu 
 

4) F4 Function key – This function key is inactive in this display page 
 

5) Back function key – Use to return to menu display page 
 

6) Menu function key – Use to view main display page 
 

7) Down function key – This function key is inactive in this display page 
 

8) Accept function key – This function key is inactive in this display page 
 

9) Up function key – This function key is inactive in this display page 
 
 



 
DISPLAY MENU DISPLAY PAGE 

 
 

 
 
 

1) F1 Function key – Use to go to menu display page 
 

2) F2 Function key – Use to select backlight setting 
 

3) F3 Function key – Use to select screen saver setting 
 

4) F4 Function key – This function key is inactive in this display page 
 

5) Back function key – Use to return to preferences display page 
 

6) Menu function key – Use to view main display page 
 

7) Down function key – This function key is used to lower backlight and screen 
saver settings when item is highlighted 

 

8) Accept function key – Use to accept backlight and screen saver settings 
 

9) Up function key – This function key is used to raise backlight and screen saver 
settings when item is highlighted 

 



 
DATE/TIME MENU DISPLAY PAGE 

 
 

 
 
 

1) F1 Function key – Use to select date setting 
 

2) F2 Function key – Use to select time setting 
 

3) F3 Function key – This function key is inactive in this display page 
 

4) F4 Function key – This function key is inactive in this display page 
 

5) Back function key – Use to return to preferences display page 
 

6) Menu function key – Use to view main display page 
 

7) Down function key – This function key is used to lower date and time settings 
when item is highlighted 

 

8) Accept function key – Use to accept date and time settings 
 

9) Up function key – This function key is used to raise date and time settings when 
item is highlighted 

 



 
LANGUAGE MENU DISPLAY PAGE 

 
 

 
 
 

1) F1 Function key – Use to go to menu display page 
 

2) F2 Function key – This function key is inactive in this display page 
 

3) F3 Function key – This function key is inactive in this display page 
 

4) F4 Function key – This function key is inactive in this display page 
 

5) Back function key – Use to return to preferences menu display page 
 

6) Menu function key – Use to view main display page 
 

7) Down function key – This function key is inactive in this display page 
 

8) Accept function key – Use to return to preferences menu display page 
 

9) Up function key – This function key is inactive in this display page 
 
 
 



 
INFO MENU DISPLAY PAGE 

 
 

 
 
 

1) F1 Function key – Use to go to modules menu display page 
 

2) F2 Function key – This function key is inactive in this display page 
 

3) F3 Function key – This function key is inactive in this display page 
 

4) F4 Function key – This function key is inactive in this display page 
 

5) Back function key – Use to return to menu display page 
 

6) Menu function key – Use to view main display page 
 

7) Down function key – This function key is inactive in this display page 
 

8) Accept function key – This function key is inactive in this display page 
 

9) Up function key – This function key is inactive in this display page 
 
 
 



 
MODULES MENU DISPLAY PAGE 

 
 

 
 
 

1) F1 Function key – Use to go to the menu display page 
 

2) F2 Function key – This function key is inactive in this display page 
 

3) F3 Function key – This function key is inactive in this display page 
 

4) F4 Function key – This function key is inactive in this display page 
 

5) Back function key – Use to return to info display page 
 

6) Menu function key – Use to view main display page 
 

7) Down function key – This function key is used to select module 
 

8) Accept function key – This function key is used to accept module 
 

9) Up function key – This function key is used to select module 
 



6499 West 65th St.
Bedford Park, IL 60638

Date: October 4, 2004
Title: Mounting Procedure for Press-on Tires
Procedure#: A09733

MOUNTING PROCEDURE FOR PRESS-ON TIRES

PROCEDURE:

1) Lubricate inside diameter of tire to be pressed with Tectyl 506

petroleum grease.

2) Verify wheel has a lead-in chamfer or radius containing no sharp

edges.  If wheel contains any sharp edges they must be removed

before continuing.

3) Place wheel into press with chamfer/radius side facing up.

4) Place the tire onto the wheel making sure that the tire is sitting squarely

on the wheel.

5) Lower the press slowly and press the tire approx. ½” onto the wheel

such that the tire is beyond the lead-in chamfer or radius.

6) In order to insure the tire is being pressed squarely, release pressure by

raising the press slightly and then re-lower the press onto the tire and

continue pressing.

7) Press the tire fully onto the wheel and verify that the required pressure

does not increase significantly throughout the pressing process.  If the

required pressing pressure does increase significantly then see the

precautions section listed below.

8) Release pressure by raising the press fully.  If the wheel assembly only

requires a single tire, then this completes the operation.  If the wheel

assembly requires dual tires, then proceed with steps 9 thru 14.



9)  Place the second tire directly on top of the first tire without changing

the orientation and location of the wheel assembly in the press.

10) Lower the press slowly and press the second tire approx. ½” onto the

wheel such that the tire is beyond the lead-in chamfer or radius.

11) In order to insure the second tire is being pressed squarely, release

pressure by raising the press slightly and then re-lower the press onto

the tire and continue pressing.

12) Press the second tire fully onto the wheel and verify that the required

pressure does not increase significantly throughout the pressing

process.  If the required pressing pressure does increase significantly

then see the precautions section listed below.

13) Release pressure by raising the press fully.

14) Remove the new tire and wheel assembly from the press.

PRECAUTIONS:

1) If the pressing pressure is seen to be increasing significantly while

pressing a tire then stop the press and release pressure by raising the

press.  If a curl or several curls of steel have formed in front of the tire at

its inside diameter then the tire/wheel assembly must be turned over

and the tire needs to be pressed off.  Finally turn the wheel back over

and repress the tire onto the wheel from the opposite end using the

procedure above.

2) If the pressing pressure is seen to be increasing significantly while

pressing the tire but no curls of steel have formed then the tire maybe

slightly undersized.  Therefore continue to press the tire onto the wheel

using the procedure above.  Keep a close watch that no curls of steel

form in front of the tire.



Press-on Tire 
 

 
 

 
 

Make sure the lead in 
Chamfer or Radius is 
facing up and there are 
no sharp edges. Make 
sure the wheel sits on 
a clean flat surface. 

Lubricate the inside 
diameter of the tire 
to pressed with 
Tectyl 506 
petroleum grease 



 

Place the tire onto 
the wheel making 
sure that the tire is 
sitting squarely on 
the wheel. 

Look for curl metal in 
front of the tire during 
pressing, Should 
curling occur turn the 
tire/wheel over and 
press tire off. 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 
 



 
 
 

F-Series Brakes 



Procedure to make adjustments to the slack adjusters 
 

To make the adjustments to the slack adjusters do the following: 
• Using a 9/16 socket push in on the adjuster screw. 
• Turn in the screw counter-clockwise till the brakes are tight to the drum. 
• Back off the screw about ¾ to ½ turn 

 
Note: The brake cylinder must only stroke 1” to 1 1/4” 
 

 

Adjusting Screw 



burnish-procedure.doc  
 
 
Subject: drum brake burnish procedure  

Here is a typical drum brake burnish procedure that has been used 
to increase the effectiveness of new linings and/or help renew 
used surfaces. 

DRAG BURNISH PROCEDURE:  

1. Drag brakes until the hottest drum is up to about 300 degrees 
F. Then cool back to about 150-200 degrees F or less. 

Repeat 3 times.  

2. Drag brakes until the hottest drum is up to about 450 degrees 
F. Then cool back to about 250-300 degrees F or less. 

Repeat 3 times.  

3. Cool to ambient temperature and check for adequate braking 
performance.  

4. If necessary, repeat 1, 2, and 3 until performance is 
satisfactory (or until there is no further improvement).  

NOTE:  
a) Temperature references are at the drum inside diameter 
(rubbing surface). If taken at the drum end surface or outside 
surface of the drum, reduce the above maximum temperature 
limitations by 50 degrees [In order to get a “good” measurement, 
make sure the area on the surface measured is clean and free of 
dirt/debris; and get the measurement right away after the drag 
ceases.] 

b) Definition: "Drag Burnishing" is burnishing the brake linings 
by applying and maintaining a fairly constant brake application 
pressure while driving against the vehicle engine power in low 
gear, at a slow travel speed - until a specified brake drum 
temperature is reached. The brakes are then released and allowed 
to cool (by driving vehicle around) before repeating another 
drag. Enough apply pressure is used to accomplish a vehicle 
travel speed of 4 -8 mph.  

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 
 
 

F-Series Steer Axle 



 Steer Axle  

                          

 

 

                            

 

 
 

                                  

 

 

Pivot Bushing 

Steer Cylinder 

Steering Rod 

Steering 
Knuckle 

Tapered Bearing Cup 

Tapered Bearing Cone 
Oil Seal 

Steer Axle Lower Cap 

Grease 
Fitting 

Steer Axle 
Upper Cap 

Cotter Pin 

Slotted Hex Nut

Steer Wheel Cup

Flat 
Washer 



 
Removal of Steer Axle 
 
1. Make sure the wheels are not turned 

allowing for straight travel. 
2. Place the truck on Blocks. The  truck 

must be level and 18”min. above the 
floor to allow the Steer axle to be 
removed. 

3. Clean the fittings on the hydraulic 
lines to the Steer Axle and remove 
them.  Plug the fitting to prevent 
leaking and or contamination. 

4. Using a floor Jack or the forks of 
another forklift place the lifting 
device under the Steer Axle and lift 
until the weight of the Steer Axle is 
supported by the lifting device. 

5. Remove the four Cap Screws that 
hold the Pivot Bushings to the 
Chassis. 

6. Slowly Lower the Steer Axle from 
the Truck. 

7. Place the steer Axle on Stands. 
 
 
Installing the Steer Axle 
 
1. Make Sure the wheels are set for 

straight travel. 
2. Using a floor jack or another forklift, 

raise the Steer Axle up under the 
Truck. 

3. Install the two caps and the four 
bolts and washers that retain the 
Pivot Bushings to the Chassis and 
torque to. 

4. Remove the plugs in the hydraulic 
hoses clean the fittings to prevent 
contamination and install the hoses. 

5. Before you take the truck off the 
blocks, start the truck and check for 
proper operation of the steer 
cylinder. 

 
 
 Removing the Steer Cylinder 
 
The Steer Axle has to be removed from 
the truck to remove the Steer Cylinder.    
 
1. Place the Steer Axle on Stands with 

the cylinder on the Side.  If you 
place the cylinder up the wheels will 
swing down when the Cylinder is 
removed.  Causing an unnecessary 
hazard and making it difficult to re-
install.. 

2. Remove the Two Bolts holding the 
steering rods to the Cylinder.  Take 
care as these bolt retain bearings 
inside the steering rod. 

3. Remove the eight cap screws holding 
the cylinder to the Steer Axle and 
remove the cylinder. 
 

 
 



 
 
 

F-Series GM 5.7L Tier 2 Engine 



STARTING PROCEDURES 
FOR ALL INTERNAL COMBUSTION FORKLIFTS & EQUIPMENT 
 
 
 
 
 
GASOLINE OR LPG ENGINES 
 

1. IF THE LIFT TRUCK USES LPG FUEL, OPEN THE FUEL VALVE ON THE 
LPG TANK.  WARNING!!!  LPG is very flammable.  An odor of LPG fuel can 
indicate a leak in the fuel system.  DO NOT start the engine until the leak is 
repaired. 

2. MAKE SURE THE PARKING BRAKE IS APPLIED OR PUSH ON THE 
BRAKE PEDAL. 

3. IF EQUIPPED, PUT THE DIRECTION CONTROL LEVER IN THE 
NEUTRAL (N) POSITION. 

4. TURN THE KEY TO START POSITION TO ENGAGE THE STARTER.  
WARNING!!!  Do not engage the starter for more than 30 seconds at a time.  If 
the engine does not start, turn the key switch to OFF.  Wait 60 seconds before 
engaging the starter again. 

5. IT THE ENGINE DOES NOT START AFTER FOUR ATTEMPTS, GET HELP 
FROM AUTHORIZED SERVICE PERSONNEL. 

6. WHEN THE ENGINE IS RUNNING, CHECK THE GUAGES AND 
INDICATOR LIGHTS FOR CORRECT OPERATION.    

 
 
NOTE: CHECK THE INSTRUMENTS PRIOR TO OPERATING THE TRUCK.  THIS 
WILL ALLOW THE COMPUTER AND HYDRAULIC SYSTEM THE TIME 
NEEDED TO “READ” AND ADJUST TO THE OPERATING CONDITIONS WHICH 
TAKES LESS THAN 10 SECONDS. 
 
THIS ALSO ALLOWS THE LUBRICATING OIL IN THE ENGINE, TRANSMISSION 
AND HYDRAULIC SYSTEM TO CIRCULATE PREVENTING PREMATURE WEAR 
TO ANY COMPONENTS IN THESE SYSTEMS.   
 
THIS IS A GOOD OPERATING PROCEDURE FOR ANY ENGINE DRIVEN 
EQUIPMENT. 
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Contact List

Please direct all questions and inquiries to KEM Equipment at: 

KEM Equipment Inc.
Don Abel
Service and Warranty Coordinator
10800 S.W. Hermann Rd
Tualatin, OR  97062
Phone: (503) 692-5012          
Fax:     (503) 692-1098
Dona@kemequipment.com

Precision Governors LLC
Paul Hanson
Customer Service and Repair
2322 Seventh Avenue
Rockford, IL  61104
Phone: (815) 229-5300
Fax:     (815) 229-5342
phanson@precisiongovernors.com



EFI

Engine Management System

Overview



EFI Fuel System
• Integrated product design built around off-the-

shelf automotive components.

• Certified to meet EPA/CARB 2004 off-road 
large spark ignition engine emission 
requirements. 

• Advanced Speed governing with TPS feedback 

• Advanced  Spark  ignition timing  for each fuel 
type



EFI System  Overview

Precision/KEM Certified Engines
2004 Certified Emissions Results

GM
Engine

Fuel Max
HP

HC+NOx
certified

CO
certified

HC+NOx
% to std

CO
% to std

1.6L Gas/LPG 45 1.96 12.35 65% 33%

3.0L Gas/LPG 68 0.9 4.4 30% 12%

4.3L Gas/LPG 103 0.9 13.9 30% 37%

5.7L Gas/LPG 128 0.5 7.7 17% 21%

GM 4.3L
GM 5.7L

GM 1.6L
GM 3.0L



ECM System Components

• Governed Throttle body

• Fueling components

Gasoline

LP components

• ECM

• Engine sensors

• Harness



Governed Throttle Body

Dual – Fuel GM Engine

Throttle 
Position 
Sensor

Quick 
response 
actuator

Certified On the Following GM Engines

1.6 L

3.0 L

4.3 L

5.7 L



Speed Governing Modes

• 4 Discrete speeds
• Ramp – up / ramp – down speed select
• Drive by wire
– Potentiometer
– Foot pedal
• Custom plus



Gasoline Fuel System

• Siemens fuel injectors

• 8 grams/second @ 42 psi.

• Throttle body fuel injection



Gaseous Fuel System
for LP, NG, & CNG

• Use conventional gaseous fuel 
components for LPG and CNG

• Lockoff valve, Vaporizer, 
Vacuum Valve, LP mixer

• Proven field reliability

• Avoids known problems with LP 
injectors



Electronic  Control Module (ECM)

Microprocessor

40-pin Deutsch
sealed connector

•Motorola Microprocessor controlled

•Environmental :  SAE  J1211-4.2 

•Vibration:  Mil-STD-202G at 9.2G

•Temperature Rating  -40 deg to 185 deg F, 

• EMI SAE J1113/21 60 VOLTS/METER  

•Integral Heat sink  Aluminum enclosure.

•Additional I/0 capability for accessories.

•Remotely vertically  mounted away from  the engine.



Engine Control 
System

ECM

Electronic
Control
Module

Inputs :    O²
IAT
ECT
MAP
TPS
Oil pressure
Engine speed

Outputs Fuel control

Spark control

Throttle control



Engine Sensors

O2 sensor Exhaust gas emission control

MAP sensor Engine vacuum 

IAT sensor Inlet air temperature

ECT sensor Engine coolant temperature

Magnetic speed    Speed sensing

TPS Throttle position sensor

Oil pressure sensor Low oil pressure shutdown



Engine Safety Shutdown Features

•High engine coolant temperature

•Programmable

•Currently set at 230ºF

•Can be customized

•Low oil pressure shutdown

•Shuts engine down by shutting off fuel



Cold Start Performance

•Gasoline engines  to -20ºF (-30ºC)

•LPG engines to 0ºF (-17ºC)



Closed-Loop Emissions Control

• O2 sensor indicates rich or lean 
condition

• Air-fuel ratio is controlled to 
optimize catalyst efficiency

• Automatic altitude compensation 

Stoichiometric

Rich

Lean



• Malfunction Indicator light (MIL) 
diagnostics

• MIL diagnostics for critical engine 
components including: throttle body 
actuator, gas injector, ECM, & all 
engine sensors

• Easy for field troubleshooting

• Uses  simple error blink codes.

Diagnostics



Summary of Diagnostic Error Codes

Error Codes Error Description

12 Diagnostic mode indicator

13 Oxygen sensor error

14 Engine coolant temp – high

15 Engine coolant temp – low

21 Throttle position sensor error

22 Throttle body actuator not responding

23 Inlet air temp sensor – low

24 Inlet air temp sensor – high

25 Electronic ignition control error

31 Drive by wire error

32 System voltage low

41 Manifold absolute pressure sensor error

42 Gasoline injector fault

51 EEPROM fault

52 Analog to digital converter fault

61 LP solenoid relay fault

62 Fuel pump relay fault

63 Dual fuel relay fault

64 Ignition power relay output error



Many machine or fueling problems are wiring or wiring related.  

First, perform a visual inspection of the system. Unplugged, cut, or damaged connections and 
wires should be corrected or replaced before attempting further diagnosis. 

The diagnostic LED provides a method to identify a systemic malfunction. The code format 
will consist of a number of blinks, a pause, a second number of blinks, then a longer pause.  The 
first set of blinks is the 10’s digit of the error code.  The second set of blinks is the one’s digit of 
the error code.  After the longer pause, the next error code will be sent.  At the conclusion of the 
error codes, a code 12 will be sent then the sequence will repeat itself. 

The error codes are repeated sequentially until  the malfunction is fixed or the engine has 
begun running. The first error code that is blinked is code 12, then all active error codes in 
ascending order, then it is finally concluded with a code 12 again.   

MIL Diagnostic Description

The machine’s diagnostic LED is mounted in a place visible to the operator. The LED is a 2-
wire device and it must be wired according to the diagram.  If it is not connected correctly, the 
LED will not light. 



Error code diagnostics below:

Code 12:

Code 12 is a special code signifying the beginning or end of the error codes.

Code 13:

Code 13 indicates the oxygen sensor has not warmed up or has stuck rich, lean, or 
neutral for a period of time.  Other fuel system issues can cause this; for example, 
incorrect fuel pressure or a leak in the MAP sensor hose.

To verify the O2 sensor wiring:

1. Verify fuses are intact.

2. Disconnect O2 sensor connector, and turn ignition power on.

3. Measure voltage across harness O2 connector pins A (-) and B (+).  This should read near 
0.45  volts.

4. If not. Turn off power

5. Disconnect ECM

6. Check connections shown in Table 5.

Meter mode From To Desired 
Result

If defective

Ohms ECM 10 Harness O2 A < 1 Ω wire is open

Ohms ECM 10 Harness O2 B Open wire is 
shorted

Ohms ECM 20 Harness O2 A < 1 Ω This wire is 
open

Ohms ECM 20 Harness O2 B Open wire is 
shorted

Table 5 : Harness O2 sensor check



. Turn on ignition power. 

.1. Measure the voltage across harness O2 sensor connector pins  C(+) and D (-).  

his This should read near the battery voltage:  if not proceed to the step 7.1.1.

.1.1. Perform the first measurements in Table 6. 

Meter mode From To Desired Result If defective

Voltage Ground Harness O2 C Battery 
voltage
( 10-14)

O2 C wire is 
open

Voltage Battery + Harness O2 C < 1 volt O2 C wire is 
open

Voltage Ground Harness O2 D < 1 volt O2 D wire is 
open

Voltage Battery + Harness O2 D Battery 
voltage 
( 10-14)

O2 D wire is 
open

Table 6 : Harness O2 heater check

7.2. If battery voltage is present from step 7.1, measure resistance between the 2 white wires on 
the O2 sensor.  They should be between 1.5 and 3.52 ohms at room temperature.  If the heater 
is open or shorted, replace the sensor.   A warm sensor will read higher resistance than a cold 
sensor.  If no wires are open or shorted, verify the rest of the fueling system is operating 
properly. If everything else checks out, replace the oxygen sensor.  



Code 14: The engine coolant reads too high.  It is possible to receive this code if the engine 
has severely overheated (above 280 ° F).

Code 15: The engine coolant reads too low.  This may occur if the temperature is below -
30° F or if the CTS sensor is unplugged.

To verify the coolant temp wiring:

1. Disconnect the coolant temp sensor and measure the resistance of the coolant temperature 
sensor.  This will vary depending on the sensor’s temperature.  The resistance should be 
within 5% of that listed in Table 7.  If the sensor differs, replace the sensor.

Table 7: CTS / IAT  resistance

Degrees F CTS Resistance ( Ω) IAT Resistance ( Ω)

-22 52594 51791

5 21371 21044

32 9399 12073

68 3511 3457

77 2795 2752

86 2240 2205

95 1806 1778

104 1465 1443

140 671 660

167 395 398

176 334 329

194 242 238

203 207 204

212 178 175

248 100.9 99



. Turn ignition power ON.

.1. Measure the voltage between CTS sensor pin A ( Wh / BK) and 
ground.  This should read                near 5 volts.  If it does not proceed to step 2.1.1

.1.1. Turn off ignition power and disconnect the ECM . 

.1.2. Measure resistance from ECM pin 9 to CTS pin A.  It should read less than 1 Ω. If it 
does not repair the wire.

.1.3. Measure resistance from ECM connector pin 10 to CTS sensor pin B ( Bk/Yl). It 
should read less than 1 Ω. If it does not repair the wire. 

.2. If no sensor or wiring problems are found, replace the ECM.

ode 21:

he TPS sensor is reading incorrectly.  Make sure the TPS is plugged in.

o verify the TPS sensor and wiring:

. Disconnect the TPS sensor from the harness.

.1. Measure the TPS resistance between TPS pins A and B.  This should read 2.5-7.5kΩ. If it is 
outside this range replace the sensor. 

.2. Measure resistance from pin A to pin C while slowly, manually move the throttle plate.  The 
resistance should increase smoothly without dips or spikes.  If it is not smooth replace the 
sensor.

. Turn ignition power ON.  Measure voltage from harness TPS connector pins A (-) and B (+).  
This should measure 4.75 – 5.25 volts.  If not proceed to step 2.1.

.1. Perform the following measurements:

.2. Turn ignition power OFF.  Disconnect the ECM from the wiring harness.  Disconnect the 
MAP sensor and drive-by-wire pot ( if it is used and easily to disconnect).  Perform the

t i T bl 8



Meter mode From To Desired Result If defective

Ohms ECM Harness 
10

TPS A < 1 Ω Ground wire is 
open

Ohms ECM Harness 
40

TPS B < 1 Ω 5 volt wire is 
open.

Ohms ECM Harness 
8

TPS C < 1 Ω TPS signal 
wire is open

Ohms ECM Harness 
10

ECM Harness 
40

Open,or < 
1000 Ω if 
DBW pot . 

5 volt wire 
shorted to 
ground

Ohms ECM Harness 
10

ECM Harness 
8

Open TPS signal 
shorted to 
ground

ECM Harness 
40

ECM Harness 
8

Open TPS signal 
shorted to +5 
volts.

Table 8: TPS wiring troubleshooting

If all other TPS tests check out, reconnect all sensors. Measure the voltage from 
TPS pin C to ground while manually opening the throttle plate.  The voltage should read > 
0.5 volts at closed throttle and < 4.5 volts at WOT and move smoothly between closed and 
open throttle.  If the voltage has “dead spots” or spikes, replace the TPS sensor.  If the voltage 
is within the range and moves smoothly, replace the ECM.  



Code 22:

The Throttle body actuator is not  responding, the fault is either caused by  a short circuit or 
the  actuator is  unplugged.

ode 23:

The Inlet Air temperature reads too low.This may occur if the temperature is 
below -40° F or if the IAT sensor is unplugged.

ode 24:

The engine coolant reads too high.  While unlikely, if this sensor is above 

270 ° F this code will be sent. 

o Verify the Inlet Air Temperature sensor wiring:

. Disconnect the IAT sensor and measure its resistance.  This will vary 
depending on the sensors temperature. The resistance should be within 

5% of that listed in Table 7. If the sensor differs, replace the sensor.

. Turn ignition power ON and disconnect the IAT sensor.

.1. Measure the voltage between IAT harness sensor pin A ( purple) and 
ground.  This should read near 5 volts.  If it does not proceed to step.

.1.1. Turn off ignition power and disconnect the ECM . 

.1.2. Measure resistance from ECM pin 19 to IAT  harness pin A.  It should 

read less than 1 Ω. If it does not repair the wire. 



ode 31:

Drive by wire fault: the drive by wire voltage is too low or too high.

This code can be set in some systems if the drive by wire pot is set to one 
extreme or the other.  First, set the pot at least 1/8 of a turn from either end.  If the 
error code is gone, there is no problem.   If the machine does not utilize the 
DBW device, this error can be ignored.

As the DBW device is  OEM specific, the resistance values can vary depending on what 
device is used.  Recommended potentiometer ranges are 1kΩ to 10kΩ.

To verify the DBW sensor and wiring:

. Turn ignition power ON.  Measure voltage from harness DBW ground wire        
(Bk/Yl) and 5 volts (Rd/Bu).  This should measure 4.75 – 5.25 volts.  If not 
proceed to step 1.1.

.1. Turn off the ignition power, disconnect the DBW sensor from the harness, if    
possible, and disconnect the ECM. 

.2. Measure the resistance between DBW control ground (  Harness wire Bk/Yl) 
and supply (Harness wire RD/BU). This should read close to the pots resistance ( in the 
range of 1kΩ to 10kΩ) however if it reads open or shorted the unit is defective.

.3. Measure the resistance from the pots ground lead to the output lead ( harness   
GN/YL).  The resistance should start low when the pot is turned to the low 
side and increase smoothly as the pot is turned to the high side.  If the resistance does not 
smoothly increment or has discontinuities, replace the DBW device.

Turn ignition power OFF.  Disconnect the ECM from the wiring harness.  
Disconnect the MAP sensor and TPS.  Perform the measurements in Table 9.



Meter mode From To Desired Result If defective

Ohms ECM Harness 
10

DBW GND ( 
BK/YL)

< 1 Ω Ground wire 
is open

Ohms ECM Harness 
40

DBW +5 
(RD/BU)

< 1 Ω 5 volt wire is 
open.

Ohms ECM Harness 
8

DBW output 
(GN/YL)

< 1 Ω DBW signal 
wire is open

Ohms ECM Harness 
10

ECM Harness 
40

Open, or < 
1000 Ω if 
DBW pot is 
connected

5 volt wire 
shorted to 
ground

Ohms ECM Harness 
10

ECM Harness 
18

Open TPS signal 
shorted to 
ground

ECM Harness 
40

ECM Harness 
18

Open TPS signal 
shorted to +5 
volts.

Table 9: DBW wiring troubleshooting

1.4 If all other DBW tests check out, reconnect all sensors.  Measure the voltage from 
DBW output to ground while manually opening the throttle plate. The voltage should move 
smoothly between low speed and high speed.  If the voltage has “dead spots” or spikes, 
replace the DBW device.  If the voltage is within the range and moves smooth, replace the 
ECM.



ode 32: System voltage too low.

This indicates the ECM is receiving a low battery voltage measurement.  Verify the battery 
voltage measures above 10 volts while the engine is running.  

. Measure the system ( battery voltage) during normal operation. If it is below 12.5 volts the 
charging system should be diagnosed.  Normal running battery voltage should read 
approximately 13 – 14.5 volts.  If the battery voltage is low, the charging system or machine 
wiring should be diagnosed.

. Turn ignition power off, then disconnect the ECM.  Turn ignition power ON.  Measure the 
voltage between pins ground (25 or 35) and switched power (11) and then the battery voltage.  
The 2 readings should be within 0.5 volts.  If the readings very considerably, proceed with step 
0.  Acceptable voltage drops should be less than 0.5 volts unless the machine draws current for 
other functions.  If any wires show considerable voltage drops that wire should be inspected for 
damage or poor connections.

.1. Measure the voltage between battery ground (-) and ECM pin 25. This voltage should be 
near 0.

.2. Measure the voltage between battery ground (-) and ECM pin 35. This voltage should be 
near 0.

.3. With ignition power still ON, measure voltage between ECM pin 11 and battery positive.  
This should be near 0.  



Code 41: MAP sensor system error

The MAP sensor code can be set if:  map output wire is grounded, shorted to +5 volts, or if the 
MAP pressure does not change between key on and engine run time.

Verify:

1. MAP sensor is plugged in.
2. Vacuum hose to the MAP sensor is connected properly with no leaks.
3. Disconnect MAP sensor electrical connector.  Turn ignition power on.  

Measure the voltage from pins A ( Bk/Yl) to C (Rd/BU).  This should read 
4.75-5.25 volts.  If it outside of this range proceed with step 3.1

3.1. Perform the following measurements:
3.2. Turn ignition power OFF.  Disconnect the ECM from the wiring harness.  

Disconnect the TPS sensor and drive-by-wire pot ( if it us used and easily to 
disconnect).  Perform the measurements in Table 10.



Meter mode From To Desired Result If defective

Ohms ECM Harness 
10

MAP A < 1 Ω Ground wire 
is open

Ohms ECM Harness 
40

MAP C < 1 Ω 5 volt wire is 
open.

Ohms ECM Harness 
8

TPS C < 1 Ω TPS signal 
wire is open

Ohms ECM Harness 
10

ECM Harness 
40

Open, or < 
1000 Ω if 
DBW pot is 
connected

5 volt wire 
shorted to 
ground

Ohms ECM Harness 
10

ECM Harness 
7

Open MAP signal 
shorted to 
ground

ECM Harness 
40

ECM Harness 
7

Open MAP signal 
shorted to +5 
volts.

Table 10: MAP wiring troubleshooting

4. If all other MAP tests check out, reconnect all sensors and turn ignition power on.  Measure    
the voltage from MAP pin B to ground while manually applying vacuum to the vacuum 
fitting on the map sensor. The voltage will depend on the vacuum but should read from 0.1 
volt under high vaccum to 4.7-5 volts at atmosphere pressure and sea level.  If the voltage is
within the range, replace the ECM.  



ode 43:      Fuel injector error.

The fuel injector circuit is not responding properly.  The circuit has an open, short, or lost 
power from the power relay. If the injector shows a true fault, it is unlikely the engine would 
run on gasoline. The injector could be turned on all the time and therefore it would squirt 
gasoline continuously when the ignition relay is active.  This would tend to flood the engine; 
however, it may run depending on loading and other conditions.  

erifying Fuel injector fault:

. Verify the ignition relay is operating properly as described in Code 64. The ignition relay 
provides power to the fuel injector. 

. Disconnect the fuel injector. Connect a volt meter between ground and injector pin A ( Rd / 
Bk).  Switch the ignition from off to on and verify the injector pin has battery voltage applied 
for the 2 second fuel pump prime time period.  If this voltage is not present, continue with step.  
Reference 2.1.

.1. Connect voltmeter between ground and pin 87 of the ignition coil and fuel injector relay.  
Switch the ignition power off to on.  Verify 12 volts is present at in 87 during the 2 second 
initial prime period.  If the voltage is present, proceed with step 2.1.1.

.1.1. Recheck the ignition power relay as described in Code 64.

.2. Turn off ignition power.  Measure resistance from relay pin 87 ( Rd / Bk, of the ignition 
coil and fuel injector relay) and injector pin A ( Rd / Bk).  This should measure < 1Ω. If the 
measurement is greater repair the wire.  

. Turn off the ignition power.  Measure the resistance of the fuel injector.  The resistance of a 
room temperature injector should read 1-2 Ω. Replace the injector if the resistance is 
considerably outside this range.

. Disconnect the ECM from the harness.  Measure the resistance from ECM harness pin 4 and 
injector connector pin B.  This should read < 1 Ω. If it is greater repair the wire.  

. Measure the resistance from ECM harness pin 25 and injector connector pin B.  This should 
read open. If it shows continuity repair a short to ground. 



ode 53: Low oil pressure fault:  

The engine has exhibited low oil pressure during run time.

The oil pressure wire has been shorted to ground or power (this input depends on how 
the ECM and machine is configured).  The low pressure shutdown system is intended for 
use with a low pressure “switch” not an analog pressure sensor.  If the system uses a 
pressure sensor it must be replaced with a switch.  Some machines may also use the 
shutdown wire for other shutdowns such as over temperature, overload, or others as the 
OEM deems appropriate.  Ensure these are not causing the problem.

o verify the oil pressure fault wire:

. Disconnect oil pressure wire.  Turn ignition power on.  Measure the voltage present on 
the oil pressure wire ( PU/Wh).  If the voltage is less than battery voltage proceed to step.
Reference 1.1.

.1. Verify the engine contains the proper level of oil. 

.2. Turn ignition power off and disconnect ECM from the harness.  Measure resistance 
from ECM pin 14 to the oil pressure shutdown terminal.  This should be < 1Ω. If the 
resistance is higher repair the wire.

.3. Measure the resistance from ECM pin 14 ( oil pressure) to ECM pin 25 ( ground).  If 
this is not open the wire contains a short – repair the wire.

.4. Measure the resistance from ECM pin 14 ( oil pressure) to ECM pin 11 ( power).  If this 
is not open the wire contains a short – repair the wire.

.5. To test functionality of the wire, connect the ECM and start the engine.  For engines 
with a standard “short to ground on fault” sensor, short the wire to ground.  The engine 
should shutdown within 15 seconds.  If it fails to shutdown, perform step 1.6.

.6. For engines with a “connect to power on fault” sensor, short the shutdown wire to 
switched power. The engine should shutdown within 15 seconds.  If it fails to shutdown, 
perform step 1 5



Code 61:  LP  power solenoid fault:

Verify connections .

Code 62:   Fuel Pump Relay fault:

Verify connections .

Code 63:  Dual fuel relay fault

Verify connections .

Code 64:   Ignition power relay output error

Verify connections .



Basic Trouble Shooting Guide

Condition:     Engine  will not start (Gasoline)

Disconnect the fuel injector connectors for 
15 seconds while cranking to un-flood the 
engine. 

Spark plugs are not fouled or wet.

Replace injector o-rings or injectorFuel injector is not leaking. 

Check fuel injection wiringFuel injector is spraying.

Check and or Replace fuel filter and/or
And/or Fuel Pressure regulator 
And/or  fuel pump

Use a pressure gage connected to fuel  
port. Verify the fuel pressure should 
read  between 40-45 psi. 

Check wiring and fuse/relayCheck fuel pump.
Cycle ignition switch on/off, fuel pump 
should run for 2 seconds. 

Add FuelFuel Tank Level

Verify each item below: Remedy for each item

The following is a guide to the most common engine performance complaints.
The guide is used to diagnose problems that  are due to worn out components and/or bad 
adjustments in the Fueling system.



Condition: Engine runs too Rich with Gasoline

Check and replace fouled spark plugsCheck to see if there is excessive smoke 
while running.

Repair air leaks in the exhaust systemCheck for exhaust air leaks before the O²
sensor

Replace with new sensorCheck for a bad IAT, ECT sensor

Replace with new MAP sensorCheck for bad MAP sensor

Replace fuel pressure regulatorCheck fuel pressure should be 40-45 psi 
(gasoline) at the fuel port.

Shut-off LPG tank valve, replace/clean 
LPG shut-off valveLPG shut-off valve does not close

Replace fuel lineRestricted fuel return line

Replace hoseVerify vacuum leaks to the MAP sensor

Verify each item below Remedy for each item below



ondition: Engine  runs lean or misfires on Gasoline.

Repair all air leaks in the intake systemCheck for intake manifold air leaks

Replace with new IAT sensorCheck for Bad IAT sensor

Replace with new MAP sensorCheck for Bad map sensor

Replace hoseVisually inspect Map sensor for  hose breaks

Clean/Replace fuel injectorsCheck for clogged fuel injectors

Replace fuel pressure regulatorVerify  the fuel pressure  is 40-45 psi use  
gage readings from the fuel port.

Replace fuel filterVisually inspect fuel filter for  restriction

Verify each item below Remedy for each item below



Condition: Engine  runs lean or misfires on LPG.

Verify Each item below Remedy for each item below

Replace air filterVerify the air filter for the vaporizer is 
not clogged

Adjust distributor timingVerify  Timing with timing light

Replace / Clean LPG fuel lock-offVaporizer primer button becomes hard to 
depress when the fuel is present

RepairVisually inspect Vacuum hose for breaks 

Check for air leaks ,purge air from 
coolant hoses. add coolant 

LPG pressure regulator/vaporizer is not 
frozen and /or icing

Replace LPG filter

Clean fuel lines

LPG fuel filter is not contaminated and 
use air pressure to verify restriction.

Clogged fuel lines

Re-fill Tank
LPG tank level 



Condition: Engine runs too Rich with LPG

Repair air leaks in the exhaust systemCheck for exhaust air leaks before the
O2 sensor

See error code 13Verify the O2 sensor is working properly 

Turn ccw the adjustment screw to lean out 
the air/fuel mixture

Verify idle air screw is adjusted at idle 
Fuel trim valve will have a 50% duty cycle 

Replace if LPG vapor pressure is not 
greater than  Atm. Pressure – 2” W.C 

Faulty LPG vaporizer  

Repair/ReplaceCheck for Clogged Air Filter 

Replace /repair hoseVerify that there is no air leaks into the 
vacuum port on the LPG mixer 

Verify each item below Remedy for each item below



Condition:  Engine  will not start  LPG

Check diaphragm for holes and damage
Repair/Replace

Carburetor malfunction 

Clean/Replace air filter and orifice jet Clogged  small air filter on top  of the 
vaporizer.

Clean valve .
Check wiring

fuel trim vacuum valve is stuck open

Close liquid fuel valve
Repair/replace  fuel filter
Open liquid fuel valve, check for leaks

Clogged fuel filter

Check for obstruction from fuel line
Check wiring and fuse/relay

Check fuel shut-off valve.
Cycle ignition switch on/off, fuel shut off 
valve should click off after  2 seconds. 

Add FuelFuel Tank Level

Verify each item below: Remedy for each item 



Assembly Detail



Gasoline Only Fuel Injection Detail Assembly
3.0L Engine typical

Fuel  return Fuel pressure regulator
Fuel injector  
connector

Air temp sensor

Fuel Inlet

TPS Sensor

TB  actuator 

Crankcase Gas port

Min idle speed adjustment



Dual Fuel System Detail Assembly
4.3L and 5.7L typical 

Air Inlet LPG mixer 

Max LPG  
Flow Adj.

LPG 
Vapor 
Inlet

T.B 
Actuator

Min. Idle Speed adj.

Gasoline 
Inlet

Gasoline 
Fuel 
Injectors

TPS Sensor

Air temp sensor



LPG Gaseous Fuel System 
Assembly

4.3L and 5.7L engine typical

LPG MIXER

engine  vacuum  pressure line 

Atmospheric pressure port

vacuum  solenoid valve 

Coolant Hoses

Propane vapor  ports

LPG Vaporizer Regulator



Propane Vapor 
Outlet Port

Coolant Inlet / 
Outlet
Ports

LPG Vaporizer Regulator
LPG inlet Port

Vacuum 
Reference Port

LPG Gaseous Fuel System Assembly

1.6L Engine typical



ECM Connector

Deutsch 40-Pin Connector Layout for EFI Harness
Deutsch Part Number - DRC16-40S Quantity - 1
Pin Part Number - 0462-201-16141 Quantity - 26

Functional layout

1 2 3 4 5 6 7 8 9 10
1 Ignition Coil B Ignition Coil A  vacuum valve Injector - 1 Fuel  Sel. Gov. Sel. 1 MAP - B TPS - C ECT - A Analog GND 10

11 Switched Power. Battery Tach out Oil Pressure Test Gov. Sel. 2 CPS - A DBW IAT - A hego- 20
21 Power-relay N/C MIL Fuel Relay Power GND Emergency-kill CAM Analog knock transmit 30
31Actuator -pwm  B LP Shutoff Actuator - A Aux -out Power GND Dwell-out Spark-bypass Flash - 3 receive 5V Ref. 40

31 32 33 34 35 36 37 38 39 40

N/C = No Connection

Color Layout

1 2 3 4 5 6 7 8 9 10
1 NC NC PR/YL GR/RD YL/RED PINK TAN YL WH/BK BK/YL 10

11 OR RD/YL N/C PR/WH N/C BR/WH BU/WH GR/YL PR BU/YL 20
21 BK/WH N/C GR BK/BU BK/RD N/C N/C N/C N/C  GR 30
31 BU BU/BK BN N/C BK TN/BK GR/WH WH OR/BK RD/BU 40

31 32 33 34 35 36 37 38 39 40

WH = WHITE RD = RED PR= PURPLE BN = BROWN OR = ORANGE GR = GREEN
BK = BLACK PK = PINK TN = TAN GY = GREY YL = YELLOW BU = BLUE

EX: WH / BK & BN = White w ith Black and Brown stripes



Schematics











Gasoline Fuel System

(Plumbing Schematic)



Gaseous Fuel Plumbing

(Schematic)

Air Cleaner

LP TANK

MIXER

ENGINEATMOSPHERIC HOSE/ or Filter

LP Fuel Filter



GM  3.0 LPG ONLY

Service Parts
1 94050020 3.0 LP ONLY FUEL KIT
1 HE1-4A 1/8 NPT X 1/4 BARB 90 DEG
2 269HB-12-8 3/4 X 1/2 BARB 90 DEG
2' H177 3/8 USCG FUEL HOSE
3' 3/4 "HOSE 3/4" LPG HOSE
2 #10 CLAMP
1 110FB-DC BUSHING, 1/2M X 3/8 FM FACE MT.
1 125HBL-10-8 5/8 X 1/2 HOSE BARB
3 H200 5/8 PCV PUSH ON JIFFY HOSE
4 #08 S.S. HOSE CLAMP
1 PC7688 ACCESSORY BRACKET
2 #12 S.S. HOSE CLAMP
1 10068571 MAP SEN BRACKET
1 N00-5101 1/8 VAC FITTING
1 735-4970 VC GROMMET
2 4-1142 CERTIFICATION LABEL
1 PC7764 MIXER ADPT
1 630-1049 GROMMET
1 PC7686 MAP SEN SUPPORT BRACKET
1 2024-4 ¼ NPT X #6 90

1  * AFC-A155 LP FILTER
1 LW05 5/16 LOCK WASHER
1 PC7762 PVC LINE RESTRICTOR
1 BHM05C075 5/16 NC X 3/4 BOLT
1 PC7771 CUSTOMER INTERFACE HARNESS
1 230404 OIL SAFETY SWITCH
1 125HLB-4-6 1/4 NPT X 3/8 BARB
1 125HBL-12-8 3/4 X 1/2 BARB
1 122-60 JET
2 BHS0420350 1/4NC X 3 1/2 BOLT
1 2059 BREATHER
1 3046 FILTER
1 211P-2 1/8 NPT PLUG
1 211P-6 3/8 NPT PLUG
1 222P-2-2 1/8F X 1/8 M ADAPTER
1 7388 HOSE



1 PG 2560 Map Sensor 
1 PG 2561 Oxygen Sensor 
1 PG 2562 Coolant Temp Sensor 
1 PG 2585 Autotronix Solenoid Valve
2 PG 3143 3/8-16 x ½ Socket Hd Cap Screw 
2 PG 3206 O-Ring, EFI 
13 PG 3322 Hose, Neoprene Vapor, 5/8”
1 PG 3329 Brass, 3/8 Barb x 1/8 NPT-90 Elbow 
1 PG 3357 Brass, 3/8 Compression x ¼ NPT 
24 PG 3360 Hose, 3/8” – 24” Minimum 
2         PG 3362            Brass, 5/8 Barb x 1/2 NPT 90 Elbow
2 PG 3363 Brass, 5/8 Barb x 3/8 NPT 
2 PG 3364 Brass, 5/8 Barb x 3/8 NPT-90 Elbow 
2 PG 3435 Brass, 1/8 x 1/8 NPT Male 
1 PG 3436 Brass, 1/8 x 1/8 x 1/8 NPT Female
4 PG 3446 Nut, ¼-20 Flange Hd Serrated
1 PG 3455 3/8” x 3/8” x 3/8” NPT Female
1 PG 3462 Tee Fitting, Hose ¼”
1 PG 3464 Nolff N00-5101 ¼-28 to ¼ I.D. Hose, Brass
1 PG 3466 Fitting, 1/8 NPT x ¼ Barb
24 PG 3482 Hose, 3/16" Fuel Hose
2 PG 3487 ¼-20 x 3”Socket Head Cap Screw
1 PG 4089 ECM Cover
1 PG 7624 Plate, Top (LP)
1 PG 7638 Gasket, Throttle Body to Plate
1 PG 7655 EFI Malfunction Indicator Lamp Face Plate
7 PG 7656 Hose Clamp, ½” – 1 1/8” Clamp Dia
2 PG 7657 Hose Clamp, 1 5/16” – 3 ¼” Clamp Dia
1 PG 7663 GM 3.0L Manifold Adapter Plate
1 PG 7670 Throttle Body Assembly, 3.0
1 PG 7687 LP Lockoff Solenoid Valve for KEM
1 PG 7707 Gasket, 3.0L Intake Manifold
1 PG 7713 Nolff Mixer (CA100) w/Feedback Diaphragm
1 PG 7714 Nolff NJ – Vaporizer Regulator w/Blue Spring
1 PG 77350020   Harness, GM 3.0L LP 
1 PG 9397 EFI Controller, ECM

List of Service Items

PG # 94050020  Kit

Qty P/N Description



Nomenclatures typically used in EFI systems

CNG: Compress Natural Gas

CTS: Coolant Temperature Sensor

DBW: Drive-by Wire

DIS: Distributorless Ignition System

ECM: Engine Control Module

ECT: Engine Coolant Temperature

EFI: Electronic Fuel Injection

ESA: Electronic Spark Advance

GUI: Graphical User Interface

HEGO: Heated Exhaust Gas Oxygen (Oxygen sensor)

IAT: Inlet Air Temperature

LED:  Light Emitting Diode

LP: Liquid Propane/Liquid Petroleum

MAP: Manifold Air Pressure

NG: Natural Gas

PWM: Pulse Width Modulated

TPS: Throttle Position Sensor



Appendix



1. Remove  the old fuel system throttle body assembly and electrical cable harness.
2. Check distributor cap and rotor.
3. Check  spark plug wire,Replace if worn.
4. Check fuel lines and connectors for leaks.
5. Install the PG throttle body and mixer  to the intake manifold.
6. Install the exhaust system including : the exhaust manifolds  and catalytic converter ( if required) 

and weld the O2 sensor weld boss to the exhaust manifold.
7. Verify the Spark Plugs Gap (0.030” typ.) and then install new spark plugs.
8. Install and verify the orifice hole 0.100” plug in the vacuum manifold hose to  the PCV valve is 

correct.
9. Verify the Orifice size (0.060”)  to the tee adapter elbow on top port of  the vaporizer is installed.
10. Install the PG  electrical harness.
11. The harness should not be routed close  to exhaust pipes ,or make sharp bends.
12. There should be sufficient length to flex across the stationary positions  and the engine block.
13. Install Sensors:O2, map, air temp, coolant temp, oil pressure sender .
14. Assemble the throttle body inserting the gasket material and sealer between stages.
15. Install the vaporizer to the engine mount.
16. Install the LPG lock-off valve to the vaporizer.
17. Insert vacuum hoses and crank case vacuum hoses on the engine ports.
18. Check the air cleaner condition,replace if necessary.
19. The Map sensor must be connected to manifold vacuum.
20. The LPG fuel trim  vacuum valve must be connected to the vacuum port at the LPG  mixer.install 

the vapor line to the LP mixer .
21. Check vapor pressure line for leaks.
22. Assemble engine coolant hoses.
23. Connect all the sensors’  connectors in place to the engine.
24. Check oil level and coolant level in engine.
25. Connect the ECM to the engine harness.
26. Unplug Actuator (if connected).
27. Start engine and warn-up with mechanical idle speed to approx. 750 rpm.
28. Adjust the minimum Air adjustment screw .
29. Tighten and lock the minimum idle speed  adjustment screw.. 
30. Plug the connector back to the Actuator.
31. Test Throttle responsiveness and stability. 
32. Verify that no exhaust leaks occurs before the O2 sensor.
33. Adjust Mixture till the O2 feedback is between 1.5 – 1.7.
34. Disconnect coolant temperature sensor. Stop Engine. Verify the error light flashes a  code 15 OR 

the diagnostic error screen shows an error #15.  This ensures the ECM is   in timing check mode 
when   the engine speed is below 1000 RPM.

35. Disconnect the actuator power.
36. Disconnect the O2 sensor.
37. Start the engine.
38. Set engine speed to 750 RPM via idle screw.
39. Check timing is 0 degrees .
40. Do not exceed 1050 RPM when timing or it will exit timing mode.
41. Set minimum Air “Base Idle Speed”Customer Specific = 900 RPM.

LPG FUEL SYSTEM RETROFIT
PROCEDURE



Malfunction indicator light (MIL) function 
 
This light is mounted on the dash for operator visual inspection upon powering the 
system with the ignition switch.  This light displays error codes, if present, when the 
ignition switch is turned on, engine off. The codes are conveyed by flashing the light in 
such a manner that the first numeral is flashed, a pause, and then the second numeral of 
the code flashed.  
          The light will flash a code 12 every time the switch is moved to the on position; 
this indicates the system is in the diagnostic mode. When a code has been set, the code 
will be indicated after the code 12 is flashed. For instance, if a code 24 has been set, the 
light will flash one time, pause, two times, after which it   will flash two times and then 
four times, indicating the code 24. If multiple codes are set they will be displayed in 
numerical order – not in order if occurrence.  
 
Error codes                            Error Description  

12- Diagnostic mode indicator 
13- Oxygen sensor error 
14- Engine coolant temp – high 
15- Engine coolant temp- low 
21- Throttle position sensor error 
22- Throttle body actuator not responding 
23- Inlet air temp sensor - low 
24- Inlet air temp sensor – high 
25- Electronic ignition control error 
31- Drive by wire error 
32- System voltage low 
41- Manifold absolute pressure sensor error 
42- Gasoline injector fault 
51- EPROM fault 
52- Analog to digital converter fault 
61- LP solenoid relay fault 
62- Fuel pump relay fault 
63- Dual fuel relay fault 

Ignition power relay output error 
 
 
 
 
 
 
 
 
 
 
 
 



 
  
  INTERVAL HOURS 

  DATE Daily 175 500 750 1250 1500 2000 3000 4000
GENERAL MAINTENANCE SECTION 

Inspect fuel system for leaks Prior to any maintenance 
activity    X                 

Inspect engine for fluid leaks   X                 
Check engine oil   X                 
Replace engine oil and filter      X              
Inspect accessory drive belts          X         
Inspect electrical system            X        
Inspect vacuum lines and fittings         X            
Inspect all fuel fittings and hoses     X              
Check engine compression pressure         X  

ENGINE COOLANT 
Check Engine Coolant Level    X               
Replace Coolant                 X    
Inspect coolant hoses for leaks, cracks, swelling, or deterioration              X    

ENGINE IGNITION 
Inspect battery for case damage and corroded cables           X         
Inspect ignition system           X        
Check ignition timing - adjust as necessary 

            Service Dealer             X     

Replace spark plugs            X        

FUEL FILTER 
 Check Fuel PSI Gasoline          X         

Replace fuel filter      X             

Inspect fuel lines and connections     X              

PRESSURE REGULATOR SECTION 
Test regulator pressure LPG/NG Primary       X   
Inspect regulator for oil build-up  Service Dealer       X   
Inspect regulator assembly for fuel/coolant leaks        X   

FUEL INJECTION SYSTEM 
Check for air leaks in filter system               X     
Check for leaks on air intake system                  X    
Check restriction indicator   X         
Inspect Air Cleaner   X        
Clean air filter element Replace air filter as conditions require or at 500 hours 
Inspect air/gas valve assembly (Throttle)       X      
Inspect air/fuel mixture throat       X      

ENGINE EXHAUST SECTION 
Inspect Exhaust Manifold for leaks             X      

Inspect manifold-to-muffler exhaust piping and connections for 
leaks   

           X      

Inspect muffler for cracks and leaks                X    
Inspect catalyst inlet and outlet for leaks        X   

For application variables, reference your owners’ manual. 
**Please return to regular Hourly Maintenance intervals once 4000 hours have been reached** 
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EQUIPMENT QUICK REFERENCE

ENTER THE INFORMATION BELOW

EQUIPMENT MANUFACTURER
NAME________________________________________________

PH# __________________________________________________

EQUIPMENT MODEL # ________________________________

EQUIPMENT SERIAL # ________________________________

ENGINE PART # _______________________________________

ENGINE SERIAL# _____________________________________

NOTES:



 WARNING—DANGER OF DEATH OR PERSONAL INJURY 

 

WARNING—FOLLOW INSTRUCTIONS 
Read this entire manual and all other publications pertaining to the work to be performed 
before installing, operating, or servicing this equipment. Practice all plant and safety 
instructions and precautions. Failure to follow instructions can cause personal injury and/or 
property damage. 

 

WARNING—OUT-OF-DATE PUBLICATION 
This publication may have been revised or updated since this copy was produced. To verify 
that you have the latest revision, be sure to contact KEM Equipment 
The revision level is shown at the bottom of the front cover after the publication number.  
If your publication is not there, please contact your customer service representative to get 
the latest copy. 

 

WARNING—OVERSPEED PROTECTION 
The engine, turbine, or other type of prime mover should be equipped with an overspeed 
shutdown device to protect against runaway or damage to the prime mover with possible 
personal injury, loss of life, or property damage. 
The overspeed shutdown device must be totally independent of the prime mover control 
system. An overtemperature or overpressure shutdown device may also be needed for 
safety, as appropriate. 

 

WARNING—PROPER USE 
Any unauthorized modifications to or use of this equipment outside its specified 
mechanical, electrical, or other operating limits may cause personal injury and/or property 
damage, including damage to the equipment. Any such unauthorized modifications: (i) 
constitute "misuse" and/or "negligence" within the meaning of the product warranty 
thereby excluding warranty coverage for any resulting damage, and (ii) invalidate product 
certifications or listings. 

 
 CAUTION—POSSIBLE DAMAGE TO EQUIPMENT OR PROPERTY 

 

CAUTION—BATTERY CHARGING 
To prevent damage to a control system that uses an alternator or battery-charging device, 
make sure the charging device is turned off before disconnecting the battery from the system. 

 

CAUTION—ELECTROSTATIC DISCHARGE 
Electronic controls contain static-sensitive parts. Observe the following precautions to 
prevent damage to these parts. 
• Discharge body static before handling the control (with power to the control turned off, 

contact a grounded surface and maintain contact while handling the control). 
• Avoid all plastic, vinyl, and Styrofoam (except antistatic versions) around printed circuit 

boards. 
• Do not touch the components or conductors on a printed circuit board with your hands 

or with conductive devices. 
 

IMPORTANT DEFINITIONS 
• A WARNING indicates a potentially hazardous situation which, if not avoided, could result in 

death or serious injury. 
• A CAUTION indicates a potentially hazardous situation which, if not avoided, could result in 

damage to equipment or property. 
• A NOTE provides other helpful information that does not fall under the warning or caution 

categories. 
 



                                                     TABLE OF CONTENTS 
 
I. INTRODUCTION       Page 3 
            A. How to use this Manual 
II. ENGINE IDENTIFICATION     Page 4 
 A. Parts and Service 
 B. Service Literature 
III. STARTING THE ENGINE     Page 5 

A. Fuel System Supplier 
B. Malfunction Indicator Light (MIL) Function   

IV. STOPPING THE ENGINE     Page 6 
 A. Normal Conditions 
 B. Spark Plugs 
 C. Power Loss at Higher Elevations 
 D. Fuel Injected Engines 
V. MAINTENANCE INSTRUCTIONS    Page7 
 A. Initial Start Up Maintenance 
 B. Routine Maintenance 
 C. Scheduled Preventive Maintenance 
 D. Engine Oil Level Check 
 E. Add Engine Oil 
VI. CHANGING ENGINE OIL FILTER    Page 7 
 A. Engine Oil Quality 
 B. Engine Oil Recommendation 
 C. Oil Filter 
VII. ENGINE AIR CLEANER     Page-9 
IIX. COOLING SYSTEM      Page 9   

A. Cooling Level 
B. Radiator        
C. Fan Belts 
D. Serpentine Belt 

IX. FUEL INJECTED ENGINES     Page 10 
A. Fuel Filter 
B. Power Loss at Higher Elevations 

X. IGNITION SYSTEMS                               Page 11 
           A. Type of Ignition System 
 B. Ignition Timing 
XI. SPARK PLUGS       Page 11 
 

PC8031 REV_D      KEM/POWER ENGINES                                                 1



 
                                                     TABLE OF CONTENTS 
 
 
XII. FUEL RECOMMENDATIONS    Page 12 

A. LPG Fuel Specifications 
B. CNG Fuel Specifications 
C. Fuel Quality Changes 

XIII. SPECIFICATIONS           Page 14 
 A. Quick Reference Chart       
 B. General Engine Specifications     

C. Maintenance Schedule      
XIV. WARRANTY                               Page 16 
 A. Industrial Warranty  
 B. Emission Control Warranty     
 C. Emission Warranty Parts List     
XV. DIAGNOSTIC ERROR CODES               Page 22 
 A. Fault Codes      
XVI. WIRING SCHEMATICS          Page 34 
 A. Main Engine Harness       

1. 5.7L   LPG     
2. 5.7L   CNG 

B. Customer Interface Harness     
1.   5.7L                             

C. Foot Pedal Extension Harness 
1.   Williams       
2.   Teleflex       

 
 

 
 
 

PC8031 REV_D      KEM/POWER ENGINES                                                 2



I. Introduction 
 
KEM Equipment, Inc. is pleased that you have selected a GM Powertrain engine 
for your requirements. KEM Equipment, Inc. takes great pride in our tradition of 
quality products produced from the GM Powertrain line of industrial gasoline and 
alternative fuel engines. 
 
KEM Equipment, Inc. engines are inspected and tested before leaving the 
factory. However, certain checks should be made before placing the engine into 
regular service. Please read the initial start-up inspection requirements in 
the Maintenance section of this manual. 
 
 
A. How to Use this Manual 
 
This manual contains instructions on the safe operation and preventive 
maintenance of your GM Powertrain industrial engine. We urge you to read this 
manual prior to start up of the engine. 
 
The Table of Contents permits you to quickly open the manual to any section. 
 
KEM Equipment, Inc. engines are built with a variety of standard and/or optional 
components to suit a broad range of customer requirements. This manual does 
not identify equipment as standard or optional. All the equipment described in 
this manual may or may not be found on your engine or power unit. 
 
 
The description and specifications contained in this manual were in effect at the 
time of publication. KEM Equipment, Inc. reserves the right to discontinue models 
at any time, or to change specifications or design without notice and without 
incurring obligation. 
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II. Engine Identification 
 

An identification placard is affixed to the engine. The label contains the engine 
family number and a part number, which identifies the engine from other KEM 
engines. The engine part number and serial number are required when seeking 
information concerning the engine and/or ordering replacement service parts.  

KEM Equipment, Inc. 

10800 SW Herman Rd. 

Tualatin, OR 97062 

O   

Emission Control and Important Engine Information 
Engine Family Max. Rated HP Engine Useful Life 

BOX 1 BOX 2 5000 HRS / 7 YEARS 
KEM Engine P/N MFG. Date Serial Number 

BOX 3 BOX 4 BOX 5 
Engine Disp. Emission Standards Emission Control System 
                L.    2.7 G/KW-HR HC + NOX ECM, HO2S, TWC, SFI, MIX 

  4.4 G/KW-HR CO Operating Fuel LPG or CNG 
Tune Up Specifications See Owner's Manual 

THIS ENGINE IS EQUIPPED WITH AN ALTERNATIVE FUEL SYSTEM. THIS ENGINE IS CERTIFIED TO OPERATE ON LPG FUEL OR 

CNG FUEL AND COMPLIES WITH APPLICABLE CALIFORNIA AND U.S. EPA REGULATIONS RELATED TO NEW 2007 

AND LATER OFF-ROAD LARGE SPARK IGNITION ENGINES OF 25 HP AND GREATER. 

 
Box # 1 ENGINE FAMILY is the number that is registered for certification. 
 
Box # 2 MAXIMUM RATED HP is the horsepower rating for the certified engine. 
 
Box # 3 KEM ENGINE P/N this is the part number for the engine, and this 
number should be recorded for ease of obtaining information or parts for this 
engine. 
 
Box # 4 MFG. DATE is the date that this engine was manufactured at KEM 
Equipment. 
 
Box # 5 SERIAL NO. This number identifies each individual engine. This number 
should also be recorded for the ease of obtaining information or parts for this 
engine 
 
A. Parts and Service 

 
Replacement parts can be obtained from KEM Equipment, Inc. by calling the 
Parts Department. The engine part number and serial number will be required 
when seeking information and/or ordering parts. 
 
Technical support for KEM POWER engines can be obtained by contacting KEM 
Equipment Inc. 
 
B. Service Literature 

 
Parts and Service manuals for KEM POWER engines can be purchased by 
contacting the Parts Department. 
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III. Starting the Engine 
 
 

WARNING: All internal combustion engines give off various fumes 
and gases while running. Do not start or run the engine in a closed 
or poorly ventilated area where exhaust gases may accumulate. 

Avoid breathing these gases as they may contain poisonous carbon 
monoxide and other gases, which can endanger your health or life if 
inhaled steadily for a few minutes.  
 
 

 CAUTION: If the engine stalls or falters during starting, wait 3 to 4 
seconds before reengaging the starter. This will prevent possible 
damage to the starter or the engine. Do NOT operate the starter for 

periods longer than 30 seconds at a time. An interval of at least 1-minute 
should be observed between cranking periods to protect the starter from 
overheating.  

 
 
If the engine is equipped with a manual clutch it must be disengaged prior to 
starting the engine. Starting the engine with the clutch engaged imposes 
unnecessary strain on the battery, starter, and driven components. 
 
A. Fuel System Supplier 
 
KEM supplies the EFI engine management system. These engine management 
systems are available in LPG or CNG fuel configurations. Using a MEFI 5 ECM   
and GFI Fuel Injectors. 
 
B. Malfunction Indicator Light 
 

 
NOTE: The lamps will not flash the error codes. To retrieve and reset the 
error codes a diagnostic scan tool is required. Some equipment 
manufacturers are using CAN-BUS displays that can retrieve the error 

codes. See the equipment manufacturers instructions to retrieve the error codes 
with their devise. 
 
 
There are two lights on the dash to indicate engine related problems. The 
operator is responsible to scan for illuminated bulbs during the course of engine 
operation. 
 
The first indicator is the MIL – this is the Malfunction Indicator Light. The MIL 
conveys to the operator that a fault exists that is related to the emissions control 
system. When this light is illuminated a fault code has been set that requires 
immediate attention or engine component damage could conceivably occur. 
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Please stop operation of engine as soon as safely possible.  Request that a 
technician inspect the fault code setting, he or she will connect a scan tool to 
determine the cause of the MIL illuminating, repair the problem and clear the 
codes. The MIL related codes are caused by sensor output and/or conditions that 
adversely affect the emissions output of the engine. Some of the components 
that can cause problems are: crank sensor, cam sensor, fuel injectors, 
regulators, O2 sensors (pre or post), ignition system and MAP sensor. 
 
The second indicator is the Check Engine light. This bulb will illuminate when a 
non-emissions related issue occurs. Items that can cause these codes are high 
or low - oil pressure and coolant temperature. Various power relays operation, 
system voltage etc. The lighting of this fault indicator would indicate to the 
operator that the gauges for oil pressure and coolant temperature should be 
checked immediately and action taken to eliminate engine damage. There are 
safeties in the calibration that will turn off the engine if the sensor output is out of 
the normal range (low oil pressure when the engine is at rated speed for 
instance). If the engine should turn off for no apparent reason check this lamp. 
Similar to the MIL, the fault code will have to be read and cleared before 
continuing vehicle operation (after repairing the root problem).  
 
IV. Stopping the Engine 
 

 
 WARNING: Avoid injury when checking a hot engine. Allow the 
engine to cool down before removing the radiator cap. 
 
 
CAUTION: Before restarting the engine ensure that both the  
coolant system and the engine oil level have been checked  
and re-filled if necessary. 

 
A. Normal Conditions 
 
Following normal operating conditions, lower the engine speed to idle, pushing 
the throttle cable in on mechanical systems or with electronic systems return to 
idle. 
 
If the machine is equipped with a clutch, move the clutch lever to the disengaged 
position. 
 
Run the engine for a few minutes at idle to allow the coolant system to cool down 
before turning the ignition switch to the OFF position. 
 
 
 
 
 

PC8031 REV_D      KEM/POWER ENGINES                                                 6



V. Maintenance Instructions 
 
A. Initial Start Up Maintenance 
 
The initial start-up checks must be made before putting the engine into service. 
Please refer to the Maintenance Schedule on page 15 and perform the initial 
start-up operations in the sequence shown in column 1. 
 
B. Routine Maintenance 
 
Routine maintenance provides the best solution for making sure that the engine 
is ready when you are. The following are some routine service points: 
 
•    Keep the fuel tank filled. A full tank of fuel reduces the possibility of                      

condensation forming in the fuel tank and moisture entering the fuel system.                   
•    Make frequent checks for engine oil and coolant leaks  
•    Repair any oil or coolant leaks 
•    Check battery condition and cables frequently 
•    Keep the engine air filter clean 
•    Monitor engine coolant temperature 
•    Monitor engine oil pressure 
•    Check voltmeter and charging system 
 
C. Scheduled Preventive Maintenance 
 
Refer to the Maintenance Schedule on page 15 to ensure that all of the 
maintenance items listed are checked and replaced at the recommended hours. 
 
D. Engine Oil Level Check 
 
 

CAUTION: Do not operate the engine with the oil level below the 
bottom of the dipstick or ‘Add’ mark on the  
dipstick, or above the top or ‘Full’ mark on the dipstick. 

 
 
The engine oil level should be checked daily. It is recommended that the oil be 
checked just before the engine is started for the first time for the day. The oil 
level should be between the ‘ADD’ and the ‘FULL’ marks on the dipstick. 
 
E. Adding Engine Oil 
 
It is normal to add some oil in the period of time between oil changes. The 
amount will vary with the severity of operation. When adding or replacing engine 
oil, be sure the oil meets or exceeds the recommended specification. 
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VI. Changing Engine Oil and Filter 
 
Under normal operating conditions, the engine oil and filter must be changed 
every 175 hours or every 3 months whichever occurs first. Use of premium 
quality oil and filters is recommended. 
 
The oil and filter should be changed more often if the engine is operating in 
severe conditions, such as dirty areas, or during cold weather. No oil additives or 
break-in oil are recommended. 
 
A. Engine Oil Quality  
 
 

Important: use only engine oils displaying the American Petroleum 
Institute (API) “Starburst” Certification Mark “FOR GASOLINE   
ENGINES” on the container. 

 
 
To achieve proper engine performance and durability, it is important that you use 
only engine lubricating oils of the correct type in your engine. Quality oil also 
provides maximum efficiency for crankcase ventilation systems, which reduces 
pollution. 
Gasoline engines that are converted for Liquid Propane Gas or Natural Gas fuel 
MUST use oils labeled ‘FOR GASOLINE ENGINES’. Do not use oils that are 
specifically formulated for Diesel Engines only. CC or CD classification oils, even 
when labeled Heavy Duty or for Natural Gas Engines, ARE NOT ACCEPTABLE. 
 
B. Engine Oil Recommendation 
 
Multi-viscosity oils are recommended, SAE 10W-30 is recommended for your 
engine from 0 degrees F (-18 degrees C) or above. If ambient temperature are 
consistently below 0 degrees F, SAE 5W-30 oil should be used. Synthetic oils 
are not recommended for industrial or stationary engines. 
 
C. Oil Filter 

 
Important: Ensure the old filter gasket is removed prior to installing the 
new filter 
 

The KEM GM Powertrain engines use an AC Delco (or equivalent) oil filter as 
original equipment. An equivalent oil filter must be used when servicing the 
engine (see Engine Specification for the recommended oil filter for your engine). 
 
The filter protects your engine from harmful, abrasive, or sludgy particles without 
blocking the flow of oil to vital engine parts. 
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To replace the filter, use a proper filter wrench to remove the filter. Clean the 
filter-mounting base and lightly coat the gasket surface of the new filter with 
engine oil. Hand tighten the filter until the gasket contacts the base, then tighten 
another ½ turn. Fill the engine with the correct amount of oil, run the engine and 
check for oil leaks at the drain plug and filter gasket. Tighten as necessary to 
stop any oil leakage. 
 
VII. Engine Air Cleaner 
 
 

CAUTION: Service the air cleaner more frequently under severely 
dusty or dirty conditions. 
 

 
The engine air cleaner filters air entering the engine intake system and acts as a 
silencer and flame arrester when assembled to the intake system. 
 
Air that contains dirt and grit produces an abrasive fuel mixture, which may cause 
severe damage to the cylinder walls and piston rings. Damage to the cylinder 
walls and piston rings will cause high oil consumption and shorten engine life. 
A restricted or dirty air cleaner will cause a rich fuel mixture and rough engine 
operation. Thus, it is extremely important that the air cleaner be serviced properly 
at the recommended intervals. 
Remove the primary air cleaner element from the air cleaner assembly and 
inspect the element for foreign material restrictions or signs of excessive wear or 
damage. Replace the element if necessary. 
 
Remove all dust and foreign matter from air cleaner housing. 
 
Reinstall the air cleaner element. Reinstall the air cleaner cap, and securely 
fasten the retaining clips. 
 
IIX. Cooling System 
 

 
WARNING: Never remove the radiator cap under any condition while 
the engine is operating. Failure to follow these instructions could 
result in damage to the cooling system, engine, or cause personal 

  injury. 
 

 
CAUTION: DO NOT add coolant to any engine that has become 
overheated until the engine cools. Adding coolant to an extremely 
hot engine can result in a cracked block or cylinder head. 
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A. Coolant Level 
 
Check the coolant level of the radiator daily and only when the engine is cool. 
Generally a good time to do this is just prior to starting the engine for the first 
time each day. 
 
Maintain the coolant level at ¾ to 1½ inches below fill neck seat of the radiator 
when the coolant is cold, but make sure core is covered. Whenever coolant level 
checks are made, inspect the condition of the radiator cap rubber seal. Make 
sure it is clean and free of any dirt particles, which would keep it from seating on 
the filler neck seat. Rinse off with clean water if necessary. Also make sure that 
the filler neck seat is free of any dirt particles. Use only permanent-type coolant 
when refilling or flushing the coolant system. Recommended ethylene glycol mix 
50/50 is normal up to a maximum of 60% glycol, 40% water.  
 
 

Caution: DO NOT mix DEX-COOL (pink/orange colored) with 
traditional (green) ethylene glycol. Refer to the mixture chart on the 
container for additional antifreeze protection information. DO NOT 

use alcohol or methanol antifreeze, or mix them with the specified coolant. 
Plain water may be used in an emergency (except in freezing 
temperatures), but replace it with the specified coolant as quickly as 
possible to avoid damage to the system. 
 
 
B. Radiator 
 
Inspect the exterior of the radiator for obstructions. Remove all bugs, dirt or 
foreign material with a soft brush or cloth. Use care to avoid damaging the core 
fins. If available, use low-pressure compressed air or a stream of water in the 
opposite direction of the normal airflow. 
 
Check all hose and connections for leaks. If any of the hoses are cracked, 
frayed, or feel spongy, they must be replaced. 
 
C. Fan Belts 
 
The water pump is usually belt driven. The same belt may also drive the fan 
and/or the alternator. The drive belts should be properly adjusted at all times. A 
loose belt can cause improper alternator, fan and water pump operation, in 
addition to overheating. 
 
D. Serpentine Belt 
 
Some GM Powertrain engines utilize serpentine belts on the front of the engine. 
This type of belt system incorporates a belt-tensioning device that keeps the belt 
at the proper tension. No adjustments are necessary. 
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This belt should be checked routinely for cracks or ‘checking’ on the groove side 
of the belt. If cracks or ‘checking’ are apparent the belt must be changed. 
 
IX. Fuel Injected Engines 
 
 

CAUTION: Failure to change the fuel system filter as recommended 
can result in premature failure of fuel injection system components. 

 
 

WARNING: Use extreme care when changing the fuel filter. LPG and 
CNG is highly flammable and under pressure. It should not be 
exposed to open flame, sparks, or hot engine components. Allow  

the engine to cool to ambient temperature prior to changing fuel filters.  
 
 

WARNING: Fuel is under HIGH pressure, consult equipment dealer 
before servicing fuel system.      

 
 
A: Fuel filter is used in the fuel supply line to the engine. This helps prevent 
contaminates from plugging the fuel injectors. The fuel filter is located in the 
supply line between the fuel tank and the engine. This filter protects the fuel 
injectors from debris in the fuel tank. This filter must be changed every 500  
hours or every 6 months which ever occurs first. 
 
B. Power Loss at Higher Elevations 
 
Fuel injected engines will lose 3.5% power for every 1000 feet the engine is 
operated above sea level. All fuel injection systems installed by KEM Equipment, 
Inc. are equipped with a “manifold absolute pressure sensor” (MAP Sensor). The 
MAP sensor senses barometric pressure and automatically corrects the fuel 
system calibration for changes in altitude. This means the air/fuel mixture will 
always be optimized, regardless of elevation (or barometric pressure), however, 
the engine will still lose 3.5% power for every 1000 FT. increase in elevation. 
 
All engines will experience power loss when operated at elevations above sea 
level, unless they are turbocharged or supercharged. Turbochargers and 
superchargers are mechanical pumps that put extra air into the engine to make 
up for the lower air density at higher elevations. 
 
X. Ignition System 
 

 
WARNING: High voltage ignition system. Electrical shock hazard. 
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A. Types of Ignition Systems 
Three types of ignition systems are used on KEM engines. Solid state electronic 
distributor, electronic distributor with Electronic Control Module (ECM) and 
distributor-less electronic ignition with ECM.   
 
B. Ignition Timing 
 
 

CAUTION: Tampering will cause poor engine performance or failure. 
An authorized KEM EQUIPMENT, INC. dealer must perform checking 
or adjustment. 

 
Ignition timing was set at the factory and requires no in-field adjustment. 
 
XI. Spark Plugs 
 

 
CAUTION: Always use the recommended spark plug for your engine, 
hotter or colder plugs, or similar plugs that are not exact equivalents 

to the recommended plugs, can cause permanent engine damage, reduce 
the engines useful life, and cause many other problems such as hard 
starting, spark knock and run-on, premature failure of catalyst and exhaust 
emissions may occur. 
 
 
Spark plugs should be replaced at the recommended intervals as described in 
the Maintenance Schedule on page 15. Use only the recommended spark plugs 
or an equivalent as described in the General Specifications.   
 
Spark plug gap should be adjusted as recommended in the General 
Specifications. 
 
XII. Fuel Recommendation 
 

 
WARNING : LPG and CNG fuels have the potential of causing severe 
burns if it contacts your skin.   

 
 
A. LPG Fuel Specification 
 
 

WARNING: LPG vehicles carry liquefied petroleum gas stored at 
pressures up to 200 psi. And even though LPG is inherently safe, 
extra caution should be used when performing any service or 

maintenance operation. Leakage of high-pressure gas can cause serious 
injury. Never attempt to service a LPG vehicle until the system pressure 
has been safely vented. Always vent system pressure in a well-ventilated 
area. 
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The KEM fuel system was designed for use with LPG fuel that complies with HD5 
or HD10 LPG fuel standards. Use of non-compliant LPG fuel may require more 
frequent service intervals and will disqualify the user from warranty claims. 
 
B. CNG Fuel Specification 
 

WARNING: HIGH PRESSURE CNG vehicles carry natural gas stored 
at pressures up to 3600 psi. And even though CNG is inherently 
safe, extra caution should be used when performing any service or 

maintenance operation. Leakage of high-pressure gas can cause serious 
injury. Never attempt to service a CNG vehicle until the system pressure 
has been safely vented. Always vent system pressure in a well-ventilated 
area. 
 
 
The KEM fuel system was designed for use with CNG that complies with the 
Society of Automotive Engineers (SAE) established standard. This standard is, 
minimum methane content of 95% (SAE J1616). 
 
C. Fuel Quality Changes 
 

NOTE:  Sudden changes in fuel quality, including geographical regions 
may effect engine operation. A nominal period of time may be required for 
the engines emissions control system to self learn and adjust to the     
changes. 

 
If proper engine operation does not resume within one hour contact our service 
dept. for additional support. 
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XIII. Specifications:

Engine 5.7L
*OIL FILTER (BLOCK MOUNT) *PF-25

**OIL FILTER (REMOTE MOUNT) **PF-2 
LP HIGH PRESSURE FILTER A3-514

LP REGULATOR FILTER A7-170
CNG HIGH PRESSURE FILTER SEE EQUIPMENT MFG
CNG LOW PRESSURE FILTER A3-546

AIR FILTER SEE EQUIPMENT MFG
DIST. CAP 10452459

DIST. ROTOR 10452457
SPARK PLUGS 41-993

SPARK PLUG GAP .040
PCV VALVE 2-9210

Engine 5.7L
TYPE V-8

DISPLACEMENT 350 CID
VALVE CONFIGURATION PUSHROD ACTUATED

VALVE LIFTERS HYDRAULIC ROLLER
BORE X STROKE INCHES 4.00X3.48

BALANCE METHOD EXTERNAL
INTAKE MANIFOLD CENTER DOWN DRAFT

FIRING ORDER 1-8-4-3-6-5-7-2
OIL CAPACITY W/FILTER 6 QTS

FUEL TYPE LPG
ENGINE ROTATION CCW

LPG 15 PSI
CNG 25 PSI

*Standard GM mounting location ** KEM supplied remote filter assembly

INJECTOR RAIL

GENERAL ENGINE SPECIFICATIONS

QUICK REFERENCE CHART

FUEL PRESSURES



DAILY
EVERY 0175 
HOURS OR 1 

MONTH

EVERY 0500 
HOURS OR 3 

MONTHS

EVERY 0750 
HOURS OR 4 

MONTHS

EVERY 1000 
HOURS OR  
6 MONTHS

EVERY 1250 
HOURS OR  
8 MONTHS

EVERY 1500 
HOURS OR  
9 MONTHS

EVERY 2000 
HOURS OR 
12 MONTHS

EVERY 3000 
HOURS OR 
18 MONTHS

Inspect fuel system(s) for leaks

Inspect engine for fluid leaks x
Check engine oil x
Replace engine oil and filter x
Inspect accessory drive belt(s) x
Inspect vacuum lines and fittings x
Inspect all fuel hoses and fittings x
Inspect ECM isolation mounts for cracks 
and wear: replace as necessary

x

Inspect foot pedal travel and operation x

Check for MIL lamp test at key-on. If MIL 
lamp remains illuminated (it is indicating a 
fault), refer to page 20

x

Check engine compression x
Replace timing belt

Check engine coolant level x
Replace Coolant x
Inspect coolant hoses for leaks, cracks, 
swelling, or deterioration x

Inspect battery for case damage and 
corroded cables x

Inspect ignition system x
Replace spark plugs x

Replace (LP) fuel filter x

Inspect fuel lock-off and fuel filter for leaks x
Ensure lock-off stops fuel flow when engine 
is off x

Test Regulator pressures x
Inspect pressure regulator vapor hose for 
deposit build-up. Clean or replace as 
necessary.

x

Inspect regulator for fuel/coolant leaks x
Inspect injector hoses for wear, cracks, or 
deterioration. x

Replace (CNG) fuel filter x

Inspect fuel lock-off and fuel filter for leaks x
Ensure lock-off stops fuel flow when engine 
is off x

Test Regulator pressures x
Inspect pressure regulator vapor hose for 
deposit build-up. Clean or replace as 
necessary.

x

Inspect regulator for fuel/coolant leaks x
Inspect injector hoses for wear, cracks, or 
deterioration. x

Check air filter restriction indicator x
Check for leaks in air intake and  filtration 
system x

Inspect air filter element x
Clean air filter element 

Inspect air/gas valve (throttle body) x

Inspect engine for exhaust leaks x
Inspect Catalyst/Muffler for cracks, leaks, 
and damage. x

ENGINE IGNITION

CNG FUEL SYSTEM

MAINTENANCE SCHEDULE

LPG FUEL SYSTEM

Replace air filter element as conditions require or at 500 hrs

ENGINE EXHAUST SYSTEM

INTERVAL HOURS

CHECK POINT

PRIOR TO ANY SERVICE OR MAINTENANCE ACTIVITY

ENGINE COOLANT

GENERAL MAINTENANCE

CARBURETOR & AIR FILTRATION
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XIV. WARRANTY 
 
 
A. CERTIFIED EMISSIONS INDUSTRIAL ENGINE LIMITED WARRANTY 

 
1. KEM Equipment, Inc. “the company” warrants each new Industrial engine, and 

factory installed accessories, to be free from defects in material and workmanship 
for the life of the warranty. 

2. The warranty shall be in force only after KEM receives a properly completed 
Warranty Registration Form from the original purchaser.  The Warranty 
commences on the date of the first retail purchase and applies to the original and 
subsequent purchasers. However, in no event shall the duration of the Warranty 
exceed three (3) years or 2500 hours measured from the original retail sale date. 
All subsequent purchasers must inform KEM in writing of the sale of the engine 
(and pay a $150.00 transfer fee) to continue the warranty.  If notification and 
payment is not received by KEM within 30 days of the resale, the warranty will be 
null and void. 

3. The company obligation is limited to repairing or replacing those parts that are 
defective in material and workmanship only. At KEM’s option it may replace such 
part with a part of equal quality to remedy any malfunction resulting from a defect in 
material or workmanship.  Optionally, KEM may provide for the repair or 
replacement of any defective part at the selling dealership or a service center of 
KEM’S choice. KEM will make payment reimbursements for labor to replace such 
part as previously provided in the then current flat rate manual. 

4. KEM distributors or service centers must be advised of any warranty related 
problem prior to the expiration of the warranty. 

5. This warranty will not apply to: 
• Use of accessories or parts not manufactured or sold by KEM Equipment, Inc. 
• Neglect; failure to follow maintenance schedules; accident; abnormal 

operation; misuse or negligence; improper maintenance or installation; 
racing or unapproved engine modifications.  

• Problems arising from incorrect installation or modifications to the exhaust 
components, fuel lines, cooling system components; or engine damage due 
to incorrect electrical connections. 

• Rust, corrosion, invasion effects of weather, or electrolysis. 
• Detonation or operation with fuels, oils or lubricants, which are not suitable for 

use with this product. Detonation causes: Poor fuel quality, overloading of 
engine, improper gear, engine overheating, excessive back pressure, 
incorrect ignition timing. 

• Reimbursement for: Storage charges, rental charges of any type, 
inconvenience of any type, loss of time or income, expense of returning KEM 
product to a service facility, towing, lodging, travel time, loss or damage to 
personal property. 

6. Reasonable access must be provided to the product for warranty service. 
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7. Warranty service must be requested by delivering the product for inspection to the 
retailer from whom the product was purchased or any convenient Industrial Service 
Center. 

8. Proof of warranty must be provided at time of request for warranty service. A 
properly completed warranty registration must be on file with KEM. 

9. Accurate service records must be available at the time of a warranty request. 
10. Distributors, dealers and service providers are not agents for KEM. The company’s 

obligation under this warranty is strictly and exclusively limited to the repair or 
replacement of defective parts and does not authorize any person to create for it 
any obligation of liability in connection with this product nor does the company 
assume any obligation due to incorrect or defective installation by the dealer. 

11. All incidental and/or consequential damages are excluded from this warranty. 
Implied warranties are limited to the life of this warranty. All implied warranties 
including merchantability fitness for a particular purpose or otherwise are 
disclaimed in their entirety after expirations of the appropriate 3 year / 2500 hour 
warranty period. This warranty gives you specific rights, and you may also have 
other rights, which may vary from state to state. 

12. KEM reserves the right to change or improve design of any product previously 
assembled without notice and without obligation. 

13. In the event that a warranty claim is required outside of the continental United 
States, with the exception of Alaska, Hawaii and Canada there may be additional 
charges to the engine owner.  KEM will not warranty any engine outside the 
continental United States, with the exception of Alaska, Hawaii and Canada unless 
competent and trained personnel are available to provide service to the engine. 
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B. Emission Control Warranty 
 
General Emissions Warranty Coverage 
KEM Equipment, Inc. warrants to the ultimate engine purchaser and each subsequent 
purchaser that the Off-Road Large Spark-Ignition engines produced and certified by 
KEM Equipment, Inc. are designed, built, and equipped so as to conform to all 
applicable California ARB and U.S. EPA regulations. KEM warrants that all such 
engines are also free from defects in materials and workmanship. 
 
Your Warrant Rights and Obligations 
The California Air Resources Board, U.S. EPA and KEM Equipment, Inc. are pleased 
to explain the emission control system warranty on your new 2007 and subsequent 
model year Off-Road Large Spark-Ignition (LSI) engine. New LSI engines must be 
designed, built and equipped to meet stringent Federal and State anti-smog standards. 
KEM Equipment, Inc. must warrant the emission control system on your engine for the 
periods of time listed provided there has been no abuse, neglect or improper 
maintenance of your engine. 
 
The emission control system on your new LSI engine may include parts such as the 
mixer, regulator or fuel injection system, ignition system, engine computer module 
(SECM), catalytic converter and air induction system. Also included may be sensors, 
hoses, belts, connectors and other associated emission-related assemblies. Please 
see Emission Warranty Parts List for a full disclosure of those parts covered under 
this Emission Control Warranty. 
 
Where a warrantable condition exists, KEM Equipment, Inc. will repair your LSI engine 
at no cost to you including diagnosis, parts, and labor (travel expenses excluded). 
 
KEM Equipment Inc. Warranty Coverage: 
The new 2007 and subsequent model year off-road large spark-ignition engines are 
warranted for 3 years or 2500 hours of service, whichever occurs first from the date the 
equipment is delivered to the first retail purchaser or when the equipment is first placed 
in service. If any emission-related part on the engine is determined to be defective, the 
part will be repaired or replaced at no cost to you at an authorized KEM Equipment, 
Inc. service facility. 
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Owner’s Warranty Responsibilities 
 
As the off-road LSI engine owner, you are responsible to perform the required 
maintenance listed in your owner’s manual. KEM Equipment, Inc. recommends that 
you retain all records covering maintenance on your off-road engine, but KEM 
Equipment, Inc. cannot deny warranty solely for the lack of receipts or for your failure 
to perform all scheduled maintenance.  
 
As the off-road large spark-ignition engine owner, you should however be aware that 
KEM Equipment, Inc. may deny you warranty coverage if your off-road large spark 
ignition engine or a part has failed due to abuse, neglect, improper maintenance, 
unapproved modifications, or use of fuel(s) not in compliance with KEM’s 
recommended fuel specifications. 
 
You are responsible for initiating the warranty process. KEM suggests that you present 
your off-road large spark-ignition engine to an authorized KEM Equipment, Inc. dealer 
as soon as a problem exists. The warranty repair should be completed by the dealer 
as expeditiously as possible.  
 
 If you have any questions regarding your warranty rights and responsibilities, you 
should contact KEM Equipment, Inc. at (503) 692-5012.
contact KEM Equipment, Inc. at (503) 692-5012. 
 
General Emissions Warranty Coverage 
 
Any warranted part that is not scheduled for replacement as required maintenance in 
the written instructions provided by KEM Equipment, Inc. will be warranted for the 
warranty period specified in this document. If any such part fails during the period of 
warranty coverage, it will be repaired or replaced by KEM Equipment Inc. according to 
the provisions contained herein. Any such part repaired or replaced under the warranty 
will be warranted for the remaining warranty period.  
 
Any warranted part that is scheduled only for regular inspection in the written 
maintenance instructions to the effect of “repair or replace as necessary” will not 
reduce the period of warranty coverage. Any such part repaired or replaced under 
warranty will be warranted for the remaining warranty period.  
 
Any warranted part that is scheduled for replacement as required maintenance in the 
written instructions will be warranted for the period of time prior to the first scheduled 
replacement point for that part. If the part fails prior to the first scheduled replacement, 
the part will be repaired or replaced by KEM Equipment, Inc. according to the 
procedures specified in this document. Any such part repaired or replaced under 
warranty will be warranted for the remainder of the period prior to the first scheduled 
replacement point for the part. 
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Repair or replacement of any warranted part under the warranty provisions will be 
performed at no charge to the owner at a warranty station. 
 
Warranty services or repairs will be provided at all manufacturer distribution centers 
that are franchised to service the subject engines. 
 
The owner will not be charged for diagnostic labor that leads to the determination that 
a warranted part is in fact defective, provided that such diagnostic work is performed at 
a warranty station. 
 
KEM Equipment, Inc. will be liable for damages to other engine components 
proximately caused by a failure under warranty of any warranted part provided by KEM 
Equipment, Inc.  
 
Throughout the engine’s warranty period defined, KEM Equipment, Inc. will maintain a 
supply of warranted parts sufficient to meet the expected demand for such parts. 
 
Any replacement part, as defined in California Code or Regulations Section 1900 (b) 
(13), Title 13, may be used in the performance of any maintenance or repairs and will 
be provided without charge to the owner. It is not necessary for replacement parts to 
be the same brand or by the same manufacturer as the original part sold with the 
engine. Such use will not reduce the warranty obligations of KEM Equipment, Inc. 
 
ADD-on or modified parts, as defined in California Code of Regulations Section 1900 
(b) (1) and (b)(10), Title 13, may not be used. Such use will, at the discretion of KEM 
Equipment, Inc., be grounds for disallowing a warranty claim. KEM Equipment, Inc. will 
not be liable under this article to warrant failures of warranted parts caused by the use 
of such an add-on or modified part. 
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C. Emission Warranty Parts List 
 

Warranty 3 years or 3,500 hours 
 

1. Base Engine 
a.   GM Base Engine Assembly 

 
Warranty 3 years or 2,500 hours 

 
1. Fuel Metering System  

a.   Fuel injection system 
b.   Air/fuel ratio feedback and control system 
c.   Carburetor system (internal parts and/or pressure regulator or  

fuel mixer or injection system). 
 

2. Air Induction System 
a.  Intake manifold or air intake system 

 
3. Exhaust system 

a. Catalytic converter 
b.   Exhaust manifold 

 
4. Positive Crankcase Ventilation (PCV) System 

a.    PCV Valve 
b.    Oil Filler Cap 

 
5. Ignition Control System 

a.    Engine Control Module (ECM) 
b.    Ignition module(s) 

 
6. Miscellaneous items Used in Above Systems (Unless a normal wear 

item) 
a.    Vacuum, temperature, and time sensitive valves and 

switches. 
b.    Sensors used for electronic controls 
c.    Hoses, belt connectors, assemblies, clamps, fittings, tubing, 

sealing gaskets or devices, and mounting hardware 
d.    Pulleys, belts and idlers 

 
 
XIxiv. Diagnostic error Codes . 
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XIV. Diagnostic Error Codes 
 

WARNING: Fire, Shock, and Burn Danger: When performing any diagnostics 
or service work use caution. This system has extreme fuel pressures and a 
high voltage ignition.  

 
 

CAUTION: Electronic controls contain static-sensitive parts. Observe the 
following precautions to prevent damage to these parts. 
Discharge body static before handling the control (with power to the control 

turned off, contact a grounded surface and maintain contact while handling 
the control). 
Avoid all plastic, vinyl, and Styrofoam (except antistatic versions) around 
printed circuit boards. 
Do not touch the components or conductors on a printed circuit board with 
your hands or with conductive devices. 

 
 
Powertrain On Board Diagnostic (OBD) System Check 
   1.  Verify that none of the following preliminary inspections/tests reveal the cause of the 
vehicle concern before beginning diagnosis: 
    •   Ensure that the battery is fully charged. 
     •   Ensure that the battery cables are clean and tight. 
    •   Inspect for any open fuses. Refer to Engine Controls Schematics. 
    •   Ensure that the grounds are clean, tight, and in the correct location. 
    •   Inspect the easily accessible systems or the visible system components for 
obvious damage or conditions that could cause the concern. This would include checking to 
ensure that all connections/connectors are fully seated and secured. 
    •   Inspect for aftermarket devices that could affect the operation of the system. 
Refer to Checking Aftermarket Accessories. 
    •   Search for applicable service bulletins. 
         � If the preceding inspections/tests resolve the concern, go to Diagnostic Repair 
Verification. 
   2. Install a scan tool. Verify that the scan tool powers up. 
         � If the scan tool does not power up, refer to Scan Tool Does Not Power Up. 
   3. Ignition ON, Engine OFF, verify communication with all of the control modules on the 
vehicle. 
         � If the scan tool does not communicate with one or more of the expected control 
modules, refer to Scan Tool Does Not Communicate with CAN Device. 
   4. Verify that SPN 65559 is not set. 
         �  If SPN 65559 is set, refer to SPN 65559.  
   5. Attempt to start the engine. Verify that the engine cranks. 
         � If the engine does not crank, refer to SPN 66001 or SPN 66002 (if equipped). If the 
vehicle is not equipped with an ECM controlled starter relay, repair the starting system. 
   6. Attempt to start the engine. Verify the engine starts and idles. 
         � If the engine does not start and idle, refer to Engine Cranks But Does Not Run. 
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Important: Do not clear any SPNs unless instructed to do so by a diagnostic procedure. 
   7. Use the appropriate scan tool selections to obtain SPNs from each of the vehicle 
modules. Verify there are no SPNs reported from any module. 
         � If any SPNs are present, refer to Diagnostic Trouble Code (DTC) List  and 
diagnose any current SPNs in the following order: 
         7.1. Any of the following: 630, 65580, 65581, or 65582. 
         7.2. SPN 627. 
         7.3. Component level SPNs. 
         7.4. System level SPNs. 
         7.5. Any remaining SPNs. 
         � If none of the previous tests or inspections addresses the concern, refer to 
Symptoms - Engine Controls. 
 
SPN 38 or 96 
SPN Descriptors 
SPN 38 FMI 3: Fuel Level Sensor 2 Circuit Voltage Above Normal or Shorted High 
SPN 38 FMI 4: Fuel Level Sensor 2 Circuit Voltage Below Normal or Shorted Low 
SPN 96 FMI 3: Fuel Level Sensor 1 Circuit Voltage Above Normal or Shorted High 
SPN 96 FMI 4: Fuel Level Sensor 1 Circuit Voltage Below Normal or Shorted Low 
 
SPN 84 
SPN Descriptors 
SPN 84 FMI 1: Vehicle Speed Sensor (VSS) Data Valid but Below Normal 
SPN 84 FMI 2: Vehicle Speed Sensor (VSS) Data Erratic, Intermittent or Incorrect 
SPN 84 FMI 3: Vehicle Speed Sensor (VSS) Voltage Above Normal or Shorted High 
SPN 84 FMI 4: Vehicle Speed Sensor (VSS) Voltage Below Normal or Shorted Low 
 
SPN 94 
SPN Descriptors 
SPN 94 FMI 3: Fuel Pressure Sensor Voltage Above Normal or Shorted High 
SPN 94 FMI 4: Fuel Pressure Sensor Voltage Below Normal or Shorted Low 
SPN 94 FMI 15: Fuel Pressure Data Valid But Above Normal Range-Least Severe Level 
SPN 94 FMI 17: Fuel Pressure Data Valid But Below Normal Range-Least Severe Level 
 
SPN 98 
SPN Descriptors 
SPN 98 FMI 17: Oil Level Switch Signal Data Valid But Below Normal Range-Least Severe 
Level 
 
SPN 100 
SPN Descriptors 
SPN 100 FMI 3: Engine Oil Pressure (EOP) Sensor Circuit Voltage Above Normal or 
Shorted High 
SPN 100 FMI 4: Engine Oil Pressure (EOP) Sensor Circuit Voltage Below Normal or 
Shorted Low 
SPN 100 FMI 17: Engine Oil Pressure (EOP) Sensor Data Valid But Below Normal Range-
Least Severe Level 
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SPN 105  
SPN Descriptors 
SPN 105 FMI 3: Manifold Air Temperature (MAT) Sensor Circuit Voltage Above Normal or 
Shorted High 
SPN 105 FMI 4: Manifold Air Temperature (MAT) Sensor Circuit Voltage Below Normal or 
Shorted Low 
 
SPN 106  
SPN Descriptors 
SPN 106 FMI 0: Manifold Absolute Pressure (MAP) Sensor Circuit Voltage Data Valid But 
Above Normal 
SPN 106 FMI 1: Manifold Absolute Pressure (MAP) Sensor Circuit Voltage Data Valid But 
Below Normal 
SPN 106 FMI 3: Manifold Absolute Pressure (MAP) Sensor Circuit Voltage Above Normal 
or Shorted High 
SPN 106 FMI 4: Manifold Absolute Pressure (MAP) Sensor Circuit Voltage Below Normal 
or Shorted Low 
 
SPN 108 
SPN Descriptors 
SPN 108 FMI 2: Barometric Pressure (BARO) Sensor Voltage Data Erratic, Intermittent or 
Incorrect 
SPN 108 FMI 3: Barometric Pressure (BARO) Sensor Voltage Above Normal or Shorted 
High 
SPN 108 FMI 4: Barometric Pressure (BARO) Sensor Voltage Below Normal or Shorted 
Low 
SPN 108 FMI 10: Barometric Pressure (BARO) Sensor Abnormal Rate of Change 
 
SPN 110 
SPN Descriptors 
SPN 110 FMI 3: Engine Coolant Temperature (ECT) Sensor Circuit Voltage Above Normal 
or Shorted High 
SPN 110 FMI 4: Engine Coolant Temperature (ECT) Sensor Circuit Voltage Below Normal 
or Shorted Low 
SPN 110 FMI 15: Engine Coolant Temperature (ECT) Sensor Circuit Voltage Data Valid 
But Above Normal Range-Least Severe Level 
 
SPN 174 
SPN Descriptors 
SPN 174 FMI 3: Fuel Temperature (FT) Sensor Circuit Voltage Above Normal or Shorted 
High 
SPN 174 FMI 4: Fuel Temperature (FT) Sensor Circuit Voltage Below Normal or Shorted 
Low 
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SPN 627 
SPN Descriptors 
SPN 627 FMI 15: System Voltage Data Valid But Above Normal Range-Least Severe Level 
SPN 627 FMI 17: System Voltage Data Valid But Below Normal Range-Least Severe Level 
 
SPN 630, 65580, 65581, or 65582 
SPN Descriptors 
SPN 630 FMI 13: Cal Memory Out of Calibration 
SPN 65580 FMI 12: CPU Bad Intelligent Device or Component 
SPN 65581 FMI 12: MHC Failure Bad Intelligent Device or Component 
SPN 65582 FMI 12: NV RAM Failure Data Erratic, Intermittent or Incorrect 
 
SPN 636  
SPN Descriptors 
SPN 636 FMI 2: Crankshaft Position (CKP) Sensor Circuit Data Erratic, Intermittent or 
Incorrect 
SPN 636 FMI 8: Crankshaft Position (CKP) Sensor Signal Abnormal Frequency or Pulse 
Width 
 
SPN 651, 652, 653, 654, 655, 656, 657, or 658 
SPN Descriptors 
SPN 651 FMI 3: Fuel Injector 1 Voltage Above Normal or Shorted High 
SPN 651 FMI 5: Fuel Injector 1 Current Below Normal or Open Circuit 
SPN 652 FMI 3: Fuel Injector 2 Voltage Above Normal or Shorted High 
SPN 652 FMI 5: Fuel Injector 2 Current Below Normal or Open Circuit 
SPN 653 FMI 3: Fuel Injector 3 Voltage Above Normal or Shorted High 
SPN 653 FMI 5: Fuel Injector 3 Current Below Normal or Open Circuit 
SPN 654 FMI 3: Fuel Injector 4 Voltage Above Normal or Shorted High 
SPN 654 FMI 5: Fuel Injector 4 Current Below Normal or Open Circuit 
SPN 655 FMI 3: Fuel Injector 5 Voltage Above Normal or Shorted High 
SPN 655 FMI 5: Fuel Injector 5 Current Below Normal or Open Circuit 
SPN 656 FMI 3: Fuel Injector 6 Voltage Above Normal or Shorted High 
SPN 656 FMI 5: Fuel Injector 6 Current Below Normal or Open Circuit 
SPN 657 FMI 3: Fuel Injector 7 Voltage Above Normal or Shorted High 
SPN 657 FMI 5: Fuel Injector 7 Current Below Normal or Open Circuit 
SPN 658 FMI 3: Fuel Injector 8 Voltage Above Normal or Shorted High 
SPN 658 FMI 5: Fuel Injector 8 Current Below Normal or Open Circuit 
  
SPN 3563 
SPN Descriptors 
SPN 3563 FMI 0: Supercharger Inlet Pressure (SCIP) Sensor Circuit Data Valid but Above 
Normal 
SPN 3563 FMI 1: Supercharger Inlet Pressure (SCIP) Sensor Circuit Data Valid but Below 
Normal 
SPN 3563 FMI 2: Supercharger Inlet Pressure (SCIP) Sensor Circuit Data Erratic, 
Intermittent, or Incorrect 
SPN 3563 FMI 3: Supercharger Inlet Pressure (SCIP) Sensor Circuit Voltage Above 
Normal or Shorted High 
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SPN 3563 FMI 4: Supercharger Inlet Pressure (SCIP) Sensor Circuit Voltage Below 
Normal or Shorted Low 
 
SPN 65541, 65542, 65543, 65544, 65545, 65546, 65547, or 65548  
SPN Descriptors 
SPN 65541 FMI 4: Ignition Coil 1 Voltage Below Normal or Shorted Low 
SPN 65541 FMI 5: Ignition Coil 1 Current Below Normal or Open Circuit 
SPN 65542 FMI 4: Ignition Coil 2 Voltage Below Normal or Shorted Low 
SPN 65542 FMI 5: Ignition Coil 2 Current Below Normal or Open Circuit 
SPN 65543 FMI 4: Ignition Coil 3 Voltage Below Normal or Shorted Low 
SPN 65543 FMI 5: Ignition Coil 3 Current Below Normal or Open Circuit 
SPN 65544 FMI 4: Ignition Coil 4 Voltage Below Normal or Shorted Low 
SPN 65544 FMI 5: Ignition Coil 4 Current Below Normal or Open Circuit 
SPN 65545 FMI 4: Ignition Coil 5 Voltage Below Normal or Shorted Low 
SPN 65545 FMI 5: Ignition Coil 5 Current Below Normal or Open Circuit 
SPN 65546 FMI 4: Ignition Coil 6 Voltage Below Normal or Shorted Low 
SPN 65546 FMI 5: Ignition Coil 6 Current Below Normal or Open Circuit 
SPN 65547 FMI 4: Ignition Coil 7 Voltage Below Normal or Shorted Low 
SPN 65547 FMI 5: Ignition Coil 7 Current Below Normal or Open Circuit 
SPN 65548 FMI 4: Ignition Coil 8 Voltage Below Normal or Shorted Low 
SPN 65548 FMI 5: Ignition Coil 8 Current Below Normal or Open Circuit 
 
SPN 65550, 65551, or 65552 
SPN Descriptors 
SPN 65550 FMI 2: Knock Sensor (KS) Circuit Data Erratic, Intermittent or Incorrect 
SPN 65551 FMI 2: Knock Sensor (KS) Bank 1 Circuit Data Erratic, Intermittent or Incorrect 
SPN 65552 FMI 2: Knock Sensor (KS) Bank 2 Circuit Data Erratic, Intermittent or Incorrect 
 
SPN 65559 
SPN Descriptors 
SPN 65559 FMI 11: CAN Bus Hardware Fault Root Cause Unknown 
 
SPN 65560 
SPN Descriptors 
SPN 65560 FMI 9: CAN Bus Governor Command Abnormal Update Rate 
 
SPN 65561, 65562, 65563, or 65564 
SPN Descriptors 
SPN 65561 FMI 0: Oxygen Sensor Bank A Sensor 1 Data Valid But Above Normal 
SPN 65561 FMI 1: Oxygen Sensor Bank A Sensor 1 Data Valid But Below Normal 
SPN 65561 FMI 3: Oxygen Sensor Bank A Sensor 1 Voltage Above Normal or Shorted 
High 
SPN 65561 FMI 4: Oxygen Sensor Bank A Sensor 1 Voltage Below Normal or Shorted Low 
SPN 65561 FMI 5: Oxygen Sensor Bank A Sensor 1 Current Below Normal or Open Circuit 
SPN 65562 FMI 0: Oxygen Sensor Bank A Sensor 2 Data Valid But Above Normal 
SPN 65562 FMI 1: Oxygen Sensor Bank A Sensor 2 Data Valid But Below Normal 
SPN 65562 FMI 3: Oxygen Sensor Bank A Sensor 2 Voltage Above Normal or Shorted 
High 
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SPN 65562 FMI 4: Oxygen Sensor Bank A Sensor 2 Voltage Below Normal or Shorted Low 
SPN 65562 FMI 5: Oxygen Sensor Bank A Sensor 2 Current Below Normal or Open Circuit 
SPN 65563 FMI 0: Oxygen Sensor Bank B Sensor 1 Data Valid But Above Normal 
SPN 65563 FMI 1: Oxygen Sensor Bank B Sensor 1 Data Valid But Below Normal 
SPN 65563 FMI 3: Oxygen Sensor Bank B Sensor 1 Voltage Above Normal or Shorted 
High 
SPN 65563 FMI 4: Oxygen Sensor Bank B Sensor 1 Voltage Below Normal or Shorted Low 
SPN 65563 FMI 5: Oxygen Sensor Bank B Sensor 1 Current Below Normal or Open Circuit 
SPN 65564 FMI 0: Oxygen Sensor Bank B Sensor 2 Data Valid But Above Normal 
SPN 65564 FMI 1: Oxygen Sensor Bank B Sensor 2 Data Valid But Below Normal 
SPN 65564 FMI 3: Oxygen Sensor Bank 2 Sensor 2 Voltage Above Normal or Shorted 
High 
SPN 65564 FMI 4: Oxygen Sensor Bank B Sensor 2 Voltage Below Normal or Shorted Low 
SPN 65564 FMI 5: Oxygen Sensor Bank B Sensor 2 Current Below Normal or Open Circuit 
 
SPN 65565 or 65566 
SPN Descriptors 
SPN 65565 FMI 0: Fuel Trim Bank 1 Data Valid But Above Normal 
SPN 65565 FMI 1: Fuel Trim Bank 1 Data Valid But Below Normal 
SPN 65566 FMI 0: Fuel Trim Bank 2 Data Valid But Above Normal 
SPN 65566 FMI 1: Fuel Trim Bank 2 Data Valid But Below Normal 
  
SPN 65567 or 65568 
SPN Descriptors 
SPN 65567 FMI 8: Oxygen Sensor Bank 1 Sensor 1 Abnormal Frequency or Pulse Width 
SPN 65567 FMI 10: Oxygen Sensor Bank 1 Sensor 1 Abnormal Rate of Change 
SPN 65568 FMI 8: Oxygen Sensor Bank 2 Sensor 1 Abnormal Frequency or Pulse Width 
SPN 65568 FMI 10: Oxygen Sensor Bank 2 Sensor 1 Abnormal Rate of Change 
 
SPN 65570 
SPN Descriptors 
SPN 65570 FMI 2: Cam Phaser W Data Erratic, Intermittent, or Incorrect 
SPN 65570 FMI 4: Cam Phaser W Voltage Below Normal or Shorted Low 
SPN 65570 FMI 5: Cam Phaser W Short High or Open 
SPN 65570 FMI 7: Cam Phaser W Accuracy Mechanical System Not Responding or Out of 
Adjustment 
 
SPN 65590, 65591, 65592, 65593, 65594, 65595, 65596, 65597, 65598, or 
65599 
SPN Descriptors 
SPN 65590 FMI 7: Misfire Mechanical System Not Responding or Out of Adjustment 
SPN 65591 FMI 7: Misfire Cylinder 1 Mechanical System Not Responding or Out of 
Adjustment 
SPN 65592 FMI 7: Misfire Cylinder 2 Mechanical System Not Responding or Out of 
Adjustment 
SPN 65593 FMI 7: Misfire Cylinder 3 Mechanical System Not Responding or Out of 
Adjustment 
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SPN 65594 FMI 7: Misfire Cylinder 4 Mechanical System Not Responding or Out of 
Adjustment 
SPN 65595 FMI 7: Misfire Cylinder 5 Mechanical System Not Responding or Out of 
Adjustment 
SPN 65596 FMI 7: Misfire Cylinder 6 Mechanical System Not Responding or Out of 
Adjustment 
SPN 65597 FMI 7: Misfire Cylinder 7 Mechanical System Not Responding or Out of 
Adjustment 
SPN 65598 FMI 7: Misfire Cylinder 8 Mechanical System Not Responding or Out of 
Adjustment 
SPN 65599 FMI 7: Misfire Random Mechanical System Not Responding or Out of 
Adjustment 
 
SPN 65601, 65602, or 65610 
SPN Descriptors 
SPN 65601 FMI 2: Throttle Position (TP) Sensor 2 Data Erratic, Intermittent or Incorrect 
SPN 65602 FMI 2: Throttle Position (TP) Sensor 1 Data Erratic, Intermittent or Incorrect 
SPN 65610 FMI 2: Throttle Position (TP) Sensor 1 and 2 Data Erratic, Intermittent or 
Incorrect 
 
SPN 65604, 65605, or 65613 
SPN Descriptors 
SPN 65604 FMI 2: Pedal Position (PP) Sensor 2 Data Erratic, Intermittent or Incorrect 
SPN 65604 FMI 12: Pedal Position (PP) Sensor 2 Bad Intelligent Device or Component 
SPN 65605 FMI 2: Pedal Position (PP) Sensor 1 Data Erratic, Intermittent or Incorrect 
SPN 65605 FMI 12: Pedal Position (PP) Sensor 1 Bad Intelligent Device or Component 
SPN 65613 FMI 2: Pedal Position (PP) Sensor 1 and 2 Data Erratic, Intermittent or 
Incorrect 
 
SPN 65615, 65616, or 65618 
SPN Descriptors 
SPN 65615 FMI 7: Electronic Throttle Control (ETC) Actuation Fault Mechanical System 
Not Responding or Out of Adjustment 
SPN 65616 FMI 12: Electronic Throttle Control (ETC) Process Fault Bad Intelligent Device 
or Component 
SPN 65618 FMI 7: Electronic Throttle Control (ETC) Return Fault Mechanical System Not 
Responding or Out of Adjustment 
 
SPN 65620 or 65621 
SPN Descriptors 
SPN 65620 FMI 4: 5 Volt Reference A Circuit Voltage Below Normal or Shorted Low 
SPN 65621 FMI 4: 5 Volt Reference B Circuit Voltage Below Normal or Shorted Low 
 
SPN 65671 or 65672 
SPN Descriptors 
SPN 65671 FMI 0: Catalytic Converter A Temperature Sensor Data Valid But Above 
Normal 
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SPN 65671 FMI 1: Catalytic Converter A Temperature Sensor Data Valid But Below 
Normal 
SPN 65671 FMI 3: Catalytic Converter A Temperature Sensor Voltage Above Normal or 
Shorted High 
SPN 65671 FMI 4: Catalytic Converter A Temperature Sensor Voltage Below Normal or 
Shorted Low 
SPN 65672 FMI 0: Catalytic Converter B Temperature Sensor Data Valid But Above 
Normal 
SPN 65672 FMI 1: Catalytic Converter B Temperature Sensor Data Valid But Below 
Normal 
SPN 65672 FMI 3: Catalytic Converter B Temperature Sensor Voltage Above Normal or 
Shorted High 
SPN 65672 FMI 4: Catalytic Converter B Temperature Sensor Voltage Below Normal or 
Shorted Low 
 
SPN 65673 or 65674 
SPN Descriptors 
SPN 65673 FMI 15: Catalytic Converter A Temperature Sensor Data Valid But Above 
Normal Range-Least Severe Level 
SPN 65674 FMI 15: Catalytic Converter B Temperature Sensor Data Valid But Above 
Normal Range-Least Severe Level 
 
SPN 65675 or 65676 
SPN Descriptors 
SPN 65675 FMI 11: Catalytic Converter A Efficiency Root Cause Unknown 
SPN 65676 FMI 11: Catalytic Converter B Efficiency Root Cause Unknown 
 
SPN 65677 or 65678 
SPN Descriptors 
SPN 65677 FMI 11: Catalytic Converter A Exotherm Root Cause Unknown 
SPN 65678 FMI 11: Catalytic Converter B Exotherm Root Cause Unknown 
 
SPN 65690 
SPN Descriptors 
SPN 65690 FMI 3: Variable Governor Control Voltage Above Normal or Shorted High 
SPN 65690 FMI 4: Variable Governor Control Voltage Below Normal or Shorted Low 
 
SPN 65701 or 65702 
SPN Descriptors 
SPN 65701 FMI 31: General Warning Sensor 1 Not Available 
SPN 65702 FMI 31: General Warning Sensor 2 Not Available 
 
SPN 65710 
SPN Descriptors 
SPN 65710 FMI 31: Emergency Stop Warning Not Available 
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SPN 65723 
SPN Descriptors 
SPN 65723 FMI 2: Camshaft Position (CMP) Sensor Circuit Data Erratic, Intermittent or 
Incorrect 
SPN 65723 FMI 7: Camshaft Position (CMP) Sensor Mechanical System Not Responding 
or Out of Adjustment 
SPN 65723 FMI 8: Camshaft Position (CMP) Sensor Signal Abnormal Frequency or Pulse 
Width 
 
SPN 66001 
SPN Descriptors 
SPN 66001 FMI 3: Starter Relay Low Side Driver Voltage Above Normal or Shorted High 
SPN 66001 FMI 5: Starter Relay Low Side Driver Current Below Normal or Open Circuit 
 
SPN 66002 
SPN Descriptors 
SPN 66002 FMI 4: Starter Relay High Side Driver Voltage Below Normal or Shorted Low 
SPN 66002 FMI 5: Starter Relay High Side Driver Current Below Normal or Open Circuit 
  
SPN 66003 
SPN Descriptors 
SPN 66003 FMI 3: Malfunction Indicator Lamp (MIL) Driver Voltage Above Normal or 
Shorted High 
SPN 66003 FMI 5: Malfunction Indicator Lamp (MIL) Driver Current Below Normal or Open 
Circuit 
 
SPN 66004 
SPN Descriptors 
SPN 66004 FMI 3: Service Vehicle Soon Lamp (SVS) Voltage Above Normal or Shorted 
High 
SPN 66004 FMI 5: Service Vehicle Soon Lamp (SVS) Current Below Normal or Open 
Circuit 
 
SPN 66005 
SPN Descriptors 
SPN 66005 FMI 3: Governor Status Lamp (GSL) Voltage Above Normal or Shorted High 
SPN 66005 FMI 5: Governor Status Lamp (GSL) Current Below Normal or Open Circuit 
   
SPN 66006 
SPN Descriptors 
SPN 66006 FMI 3: DTC Lamp 3 Voltage Above Normal or Shorted High 
SPN 66006 FMI 5: DTC Lamp 3 Current Below Normal or Open Circuit 
 
SPN 66007 
SPN Descriptors 
SPN 66007 FMI 3: Buzzer Driver Short Voltage Above Normal or Shorted High 
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SPN 66007 FMI 5: Buzzer Driver Current Below Normal or Open Circuit 
 
SPN 66008 
SPN Descriptors 
SPN 66008 FMI 3: DTC Lamp 1 Voltage Above Normal or Shorted High 
SPN 66008 FMI 5: DTC Lamp 1 Current Below Normal or Open Circuit 
 
SPN 66009 
SPN Descriptors 
SPN 66009 FMI 3: DTC Lamp 2 Voltage Above Normal or Shorted High 
SPN 66009 FMI 5: DTC Lamp 2 Current Below Normal or Open Circuit 
 
SPN 66010 
SPN Descriptors 
SPN 66010 FMI 3: Slow Mode Lamp Voltage Above Normal or Shorted High 
SPN 66010 FMI 5: Slow Mode Lamp Current Below Normal or Open Circuit 
 
SPN 66013 or 66014 
SPN Descriptors 
SPN 66013 FMI 3: Powertrain Relay Voltage Above Normal or Shorted High 
SPN 66013 FMI 5: Powertrain Relay Current Below Normal or Open Circuit 
SPN 66014 FMI 4: Powertrain Relay Contact Voltage Below Normal or Shorted Low 
 
SPN 66017 
SPN Descriptors 
SPN 66017 FMI 4: Fuel Pump Relay 1 Voltage Below Normal or Shorted Low 
SPN 66017 FMI 5: Fuel Pump Relay 1 Current Below Normal or Open Circuit 
 
SPN 66018 
SPN Descriptors 
SPN 66018 FMI 3: Tachometer Voltage Above Normal or Shorted High 
SPN 66018 FMI 5: Tachometer Current Below Normal or Open Circuit 
 
SPN 66019 or 66020 
SPN Descriptors 
SPN 66019 FMI 3: Oxygen Sensor Bank A Sensor 1 Heater Voltage Above Normal or 
Shorted High 
SPN 66019 FMI 5: Oxygen Sensor Bank A Sensor 1 Heater Current Below Normal or 
Open Circuit 
SPN 66019 FMI 8: Oxygen Sensor Bank A Sensor 1 Heater Abnormal Frequency or Pulse 
Width 
SPN 66020 FMI 3: Oxygen Sensor Bank B Sensor 1 Heater Voltage Above Normal or 
Shorted High 
SPN 66020 FMI 5: Oxygen Sensor Bank B Sensor 1 Heater Current Below Normal or 
Open Circuit 
SPN 66020 FMI 8: Oxygen Sensor Bank B Sensor 1 Heater Abnormal Frequency or Pulse 
Width 
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SPN 66021 or 66022 
SPN Descriptors 
SPN 66021 FMI 3: Oxygen Sensor Bank A Sensor 2 Heater Voltage Above Normal or 
Shorted High 
SPN 66021 FMI 5: Oxygen Sensor Bank A Sensor 2 Heater Current Below Normal or 
Open Circuit 
SPN 66021 FMI 8: Oxygen Sensor Bank A Sensor 2 Heater Abnormal Frequency or Pulse 
Width 
SPN 66022 FMI 3: Oxygen Sensor Bank B Sensor 2 Heater Voltage Above Normal or 
Shorted High 
SPN 66022 FMI 5: Oxygen Sensor Bank B Sensor 2 Heater Current Below Normal or 
Open Circuit 
SPN 66022 FMI 8: Oxygen Sensor Bank B Sensor 2 Heater Abnormal Frequency or Pulse 
Width 
 
SPN 66025 
SPN Descriptors 
SPN 66025 FMI 4: Fuel Pump Relay 2 Voltage Below Normal or Shorted Low 
SPN 66025 FMI 5: Fuel Pump Relay 2 Current Below Normal or Open Circuit 
 
SPN 66030 
SPN Descriptors 
SPN 66030 FMI 3: Intercooler Relay Voltage Above Normal or Shorted High 
SPN 66030 FMI 5: Intercooler Relay Voltage Below Normal or Shorted Low 
 
SPN 66035 
SPN Descriptors 
SPN 66035 FMI 0: Supercharger Boost Control Solenoid Data Valid but Above Normal 
SPN 66035 FMI 3: Supercharger Boost Control Solenoid Data Valid but Below Normal 
SPN 66035 FMI 5: Supercharger Boost Control Solenoid Current Below Normal or Open 
Circuit 
SPN 66035 FMI 7: Supercharger Boost Control Solenoid Mechanical System Not 
Responding or Out of Adjustment 
 
SPN 66040-66043 
SPN Descriptors 
SPN 66040 FMI 3: OEM Output Driver 1 Voltage Above Normal or Shorted High 
SPN 66040 FMI 5: OEM Output Driver 1 Current Below Normal or Open Circuit 
SPN 66041 FMI 3: OEM Output Driver 2 Voltage Above Normal or Shorted High 
SPN 66041 FMI 5: OEM Output Driver 2 Current Below Normal or Open Circuit 
SPN 66042 FMI 3: OEM Output Driver 3 Voltage Above Normal or Shorted High 
SPN 66042 FMI 5: OEM Output Driver 3 Current Below Normal or Open Circuit 
SPN 66043 FMI 3: OEM Output Driver 4 Voltage Above Normal or Shorted High 
SPN 66043 FMI 5: OEM Output Driver 4 Current Below Normal or Open Circuit 
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Drive-By-Wire Setup 
 

It is important that the foot pedal accelerator potentiometer set screw 
stops be in place and adjusted correctly. There are two set screws, 
minimum/maximum idle set screw and maximum RPM range set screw.   
This it is important that minimum/maximum idle voltage be @ 1/2volt 
DC minimum to 1volt DC maximum, anything less will result in an 
engine stalling condition.  

To set the idle: 
 

• Turn the key switch to the on position. 
• Select the DC range on the volt meter. 

 
 

• Attach the positive lead from the volt meter to the lead wire 
White “A” of connector to the potentiometer. 

 
 
 



• Attach the negative lead from the volt meter to the wire to 
the Red “B” of connector to the potentiometer. 

 
• Using a wrench loosen the jam nut on the 

minimum/maximum idle. 
• Adjust the 1/4-28 screw to ½ volt DC +- 1/10 of a volt DC is 

measured on the volt meter. 
• Lock the 1/4-28 Jam Nut NOTE: To prevent the screws from 

coming loose apply loctite to the threads. 
 

  

Potentiometer 

Jam Nut 

Maximum RPM Range 
Set Screw Stop  
Head Screw 

Minimum/Maximum Idle 
Set Screw Stop 
Head Screw 

Black “C” Red “B” 

White “A” 



 
The Maximum RPM voltage must also be set not to exceed 4.75 volts 
DC. This will also result in an engine stalling condition. 



GM 5.7L Spark Plug Wire Routing and Spark Plug Gap 
It is important when installing replacement spark plug wires that they are routed 
properly and secured as shown below. Heat from the exhaust manifold may burn 
thru the protective shield grounding the cable and causing the engine to misfire.  

   
 
Right Side     Left Side 
 
 Shown Above Part# M01442 Spark Plug Wire Set with Heat Shield  
NOTE: Spark Plug Gap is set to .030  
 
Always use Hoist approved parts to ensure proper performance. 
 



GM 5.7 Starter Support Bracket  
 

 
 
NOTE:IT IS VERY IMPORTANT THAT THE STARTER MOUNT BRACKET 
ITEM M03603 BE INSTALLED EVERYTIME THE STARTER IS REMOVED 
TO PREVENT DAMAGE TO THE ENGINE BLOCK, STARTER AND BOLTS. 
The starter mounting bracket item M03603 is mounted to the back of the starter using (2) 
10-24 nuts, (2) 10# lock washers, (2) 10# flat washers and to the engine block using (1) 
5/16-18 x 3/4 H.H.C.S, (1) 5/16 lock washer (1) 5/16 flat washer. 

STARTER MOUNTING 
BRACKET   M03603 

(2) 10-24 NUTS F00714 
(2) 10# LOCK WASHERS F00448 
(2) 10# FLAT WASHERS  

(1) 5/16-18 x 3/4 H.H.C.S F00259 
(1) 5/15 LOCK WASHER F00214 
(1) 5/16 FLAT WASHER F00235 

STARTER 
MOUNTING BOLTS 
M03080 



Maintenance Reset Switch F Series Trucks 
 

 
 
 

Maintenance Reset Switch. 
Located under the console cover 
on the right side next to the fuse 
box.  



X

Y



LPG Tank 
 
WARNING: LPG is highly flammable 
and can cause an explosion. Do NOT 
disconnect the LPG tank if within 25 
feet of an ignition source i.e. Electrical 
equipment, open flame or motor 
vehicles  
  
WARNING:  When removing the 
LPG Tank always turn the valve off 
on the tank and run the engine until it 
dies.  This will remove all residual 
pressure in the fuel system before 
disconnecting the tank.  If the engine 
will not run, close the valve on the 
LPG tank and slowly loosen the fitting 
on the tank.  Take care as the fuel 
escapes it will cool the fitting, use a 
cloth or glove when doing this to 
protect your hands from the fitting. 
 
1. Read the above Warning 

statements. 
2. Close the valve on the LPG Tank 
3. Allow the truck to run until it 

stops. 
4. Loosen the fitting slowly on the 

LPG tank valve.  Protect your 
hands from the cold fitting with a 
cloth or gloves. 

5. Once all residual pressure has 
dissipated, remove the fitting. 

6. Remove the tank from the truck 
and store with the other LPG 
Tanks in a safe location.



 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 





 



 



 



 



 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 





 



 



 







 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 





 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



POWER SHIFT 
TRANSMISSION 

32000 
MAINTENANCE AND SERVICE 



TOWING OR PUSH STARTING 
 

Before towing the vehicle, be sure to lift the drive axle off the ground or 
disconnect the driveline to avoid damage to the transmission during 
towing. 
 The engine cannot be started by pushing or towing. 



 

Transmission Filter 

Change the 
transmission filter 
every 250hrs located 
next to the hydraulic 
tank. Use SAE 30  

 

NOTE: This picture 
was taken from 
under side of the 
truck 



32000 Transmission Control Valve  
 

 
 

 
 
 
 

Clutch pressure 240-300 PSI with parking brake set, oil temperture180 –200 F and engine 
idle 400 to 600 RPM. Shift thru the direction and speed clutches NOTE: all pressure must 
be equal within 5 PSI if clutch pressure varies in any one clutch more than 5 PSI repair 
the clutch. 

Inching Valve 

Forward Solenoid 

1st Speed Solenoid 

2nd Speed Solenoid 
Reverse Solenoid 

Inching Check Port 

Forward Check Port 

Reverse Check Port 

1st Check Port 

2nd Check Port

3rd Check Port 



 



















































































































































































F-Series Hydraulic Systems 

























FKS Hydraulic Pressure Setting and Locations 

Compensator  

Jam Nut  

Adjusting the nut inward 

increases the pressure. 

Adjusting the nut out lowers the

Pressure. The Lift and steering 

pressure is set here. 
Pressure In 

Out to lift Cylinder 

Tilt Cylinder Adjustment 

Shifter Spreader Adjustment 

Fork Positioner  Adjustment 



Adjustment for FKS series 

 The system has a 100cc PAVC pump and a Pulsar valve to control the mast.  This 

pump also provides pressure for the brakes and steering. 

To set the system up make sure the oil level is to the full mark with the mast lowered. 

1. Check oil level 

2. Place a pressure gauge at the outlet of the pump (minimum 3000 PSI range) 

3. Start the engine 

4. Cycle the brake pedal until the charge valve cycles to fill the accumulator. 

5. The pressure gauge should rise to 2400-PSI +- 150 PSI and then drop to 500 PSI. 

6. If the charge will not fill and cycle brake to standby of 500 PSI the max pressure of 

the pump needs to be adjusted or the brake valve is defective. 

7. The main pump pressure needs to be 100 to 200 PSI above the 2400 PSI steer 

pressure to satisfy the priority.  This can be checked in the same manner and gauge 

position by tilting full forward or back and checking gauge. 

8. To set the pump loosen the jam nut on the compensator on the bottom side of the 

pump and adjust it inward (clockwise) to a pressure that the brake charge valve cycles 

but do not exceed 3000 PSI.

9. If the brake valve will not cycle at this setting the valve is defective. 

10. After you have reset the pump cycle the brakes several times to make sure they are 

working correctly. 

11. Check the function of the joysticks, if you have a problem start at the valve with a ½” 

wrench and activate the spools manually to determine if the problem is electrical or 

hydraulic.

12. If the functions work manually then start by looking at the control card at the Green 

and Yellow/Red LED lights. The Yellow LED indicates normal status. Red LED 

indicates error. 

13. The green lights should come on when the joystick is pulled one way and the other 

green light should go on when the stick is moved in the opposite direction. If they 

don’t you do not have input from the joystick. 

14. If you do not have the green lights there should be a Red light that indicates output on 

the card, if you have Red light coming on the next step is to go to the connector at the 

valve.

15. Put a test light on the two-wire lead and move the joystick, the light should light. 

Reference, IQAN-TOC2 Instruction for further adjustments and trouble-shooting. 



 
Suction line hose clamps need to be checked for torque during every P.M to 
ensure proper sealing. A cold rubber hose that is not sealed properly will suck in 
air, the suction is lost and pump looses prime. That is what causes the pumps to 
become very noisy.  
 

  

  

Suction hose 
clamp on the 
pumps Suction hose 

clamp on the 
main pump 

Suction hose 
clamp on the 
suction filters 

Suction hose 
clamp on the 
brake pump 



































































Adjustment for FKS series 

 The system has a 100cc PAVC pump and a Pulsar valve to control the mast.  This 

pump also provides pressure for the brakes and steering. 

To set the system up make sure the oil level is to the full mark with the mast lowered. 

1. Check oil level 

2. Place a pressure gauge at the outlet of the pump (minimum 3000 PSI range) 

3. Start the engine 

4. Cycle the brake pedal until the charge valve cycles to fill the accumulator. 

5. The pressure gauge should rise to 2400-PSI +- 150 PSI and then drop to 500 PSI. 

6. If the charge will not fill and cycle brake to standby of 500 PSI the max pressure of 

the pump needs to be adjusted or the brake valve is defective. 

7. The main pump pressure needs to be 100 to 200 PSI above the 2400 PSI steer 

pressure to satisfy the priority.  This can be checked in the same manner and gauge 

position by tilting full forward or back and checking gauge. 

8. To set the pump loosen the jam nut on the compensator on the bottom side of the 

pump and adjust it inward (clockwise) to a pressure that the brake charge valve cycles 

but do not exceed 3000 PSI.

9. If the brake valve will not cycle at this setting the valve is defective. 

10. After you have reset the pump cycle the brakes several times to make sure they are 

working correctly. 

11. Check the function of the joysticks, if you have a problem start at the valve with a ½” 

wrench and activate the spools manually to determine if the problem is electrical or 

hydraulic.

12. If the functions work manually then start by looking at the control card at the Green 

and Yellow/Red LED lights. The Yellow LED indicates normal status. Red LED 

indicates error. 

13. The green lights should come on when the joystick is pulled one way and the other 

green light should go on when the stick is moved in the opposite direction. If they 

don’t you do not have input from the joystick. 

14. If you do not have the green lights there should be a Red light that indicates output on 

the card, if you have Red light coming on the next step is to go to the connector at the 

valve.

15. Put a test light on the two-wire lead and move the joystick, the light should light. 

Reference, IQAN-TOC2 Instruction for further adjustments and trouble-shooting. 
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Cylinder Disassembly 



Cylinder Disassembly 



HEADNUT ADJUSTMENT PROCEDURE ON 
TELESCOPIC CYLINDERS 

 
 
 
 
1. Make sure that all hydraulic pressure is relieved in the cylinder before attempting to 

adjust the headnuts. 
 
2. Loosen up or completely remove the set screws from all the headnuts. 
 
3. Before adjusting the headnuts, use a hammer to lightly tap the circumference of each 

headnut. 
 
4. Use a chain wrench to tighten each of the headnuts, being careful not to let the 

wrench go across the loosened set screw or screw bores.  Start with the body headnut 
and tighten it as tight as possible.  DO NOT use a cheater bar.  Next, move on to the 
first stage headnut and tighten it until the headnut and first stage move as one.  Move 
on to the second stage and tighten the headnut until the second stage starts moving 
with the headnut.  Keep moving up and tighten each stage in order, from the largest to 
the smallest. 

 
5. Re-install and/or tighten up the set screws in each of the headnuts until the set screw 

bottoms out in the bore.  DO NOT OVERTIGHTEN.  Overtightening can distort the 
tube underneath the headnut. 

 
6. Also, be sure that the bleeder valve is tight in its bore. 
 

 

WARNING 
BEFORE MAKING ADJUSTMENTS OR REPAIRS TO THE 
CYLINDER WHEN MOUNTED IN THE UNIT, USE STRONG, 
HEAVY, POSITIVE SUPPORTS TO HOLD THE BODY FROM 
ACCIDENTALLY LOWERING WHICH CAN CAUSE SEVERE 
INJURY OR DEATH AND/OR DAMAGE TO THE UNIT AND 
CYLINDER.  PLACE CONTROL VALVE IN THE LOWER 
POSITION TO INSURE THE PRESSURE IS RELIEVED IN 
THE CYLINDER.  HIGH PRESSURE CAN CAUSE SEVERE 
INJURY OR DEATH AND/OR DAMAGE TO THE UNIT AND 
CYLINDER. 

 



Bleeding Air from Single-Acting Telescopic Cylinders. 
 
  For smooth operation of these cylinders, it is advisable to bleed the air from 
the cylinder weekly.  Manual bleeding is accomplished by: 
 
1. Fully lower the carriage with no load on the forks. 
2. The bleeder valve is located directly on top of the lift cylinder rod. 
3. Fully extend the cylinder, raising the carriage. 
4. Lower the carriage to within 1 foot from resting on the floor. 
5. With the fingers turn the bleeder valve in a counterclockwise direction.  

This opens the valve and allows the air to escape from the cylinder. 
6. When a steady stream of oil comes from the bleeder, turn the valve in a 

clockwise direction until it is closed. 



Cylinder Assembly 





























































 

Hydraulic System-Shuttle Valve

 Change the filters 
and fluid first this will 
help to remove 
contamination. 

 If experiencing 
interrupted steering 
and hydraulic 
functions. Check the 
shuttle valve. Shuttle Valve 

Charge Valve 



 

Hydraulic System-Shuttle Valve

 Carefully remove the 
shuttle from the 
control valve. 

 Remove the fitting 
from the shuttle 
valve and clean out. 
The ball should 
move freely.  

Remove these two fittings and clean out 
with solvent. The ball should move freely, 
make sure the seats have no scars 



 

Hydraulic System-Load Sense Line

  If this did not solve 
the problem next, 
remove the load 
sense line from the 
control valve and 
clean out the 
orifices.   

Remove line/ fitting and clean out 



 

Hydraulic System-Charge Valve

 The charge valve is 
responsible for the 
brake and steering. 
Should this valve 
become contaminated it 
should not be taken 
apart. The charge valve 
is factory calibrated it 
must be replaced and 
can not be serviced.  



 

Brake Valve 

The hydraulic brake 
valve modulates the 
braking pressure to 
the brake cylinders. 
Output pressure to 
the brake cylinders 
0-1500psi 

  
 

Brake Valve   



Accumulators

Description
Fluids are practically incompressible and cannot therefore store pressure energy.

The compressibility of a gas (nitrogen) is utilized in hydro-pneumatic accumulators for storing 
fluids. Bladder accumulators are designed on this principle, using nitrogen as the compressible 
medium.

The bladder accumulator consists of a fluid section and a gas section, with the bladder acting as 
a gas-proof screen. The fluid around the bladder is connected with the hydraulic circuit, so that 
the bladder accumulator draws in fluid when the pressure increases thus compressing the gas. 
When the pressure drops, the compressed gas expands and forces the stored fluid into the 
circuit.



Charging and 
Gauging Units
for Bladder, Diaphragm,
and Piston Accumulators

1. DESCRIPTION
To maintain system performance
HOIST recommends a regular
check of the gas precharge
pressure. A loss in the gas
precharge pressure will cause a
drop in the system efficiency
and could cause damage to the
bladder, diaphragm, or piston
accumulator.

By means of a charging and
gauging unit, hydro-pneumatic
accumulators are precharged
with dry nitrogen or their
existing gas precharge pressure
is checked. For these purposes,
a charging and gauging unit is
connected to a commercially
available nitrogen bottle via a
flexible charging hose.

HOIST offers two types of
charging and gauging units, the
FPS model, used with HOIST
gas valve version 4, except on
top repairable bladder
accumulators, and the FPK
model used with HOIST gas
valve version 1. An adapter
FPK/SB can be used with the
FPK model in order to fit
HOIST gas valve version 4,
including top repairable bladder
accumulators.

The charging and gauging units
incorporate a gauge, check
valve in the charging
connection, manual bleed valve,
and T-handle.



FIG.1: CHARGING AND
GAUGING UNITS

FPS

FPK

FIG.2: HOIST STANDARD GAS VALVES

A T-handle

B manual bleed valve

C check valve

D cap nut

E charging hose, including cap
screw connections G1 and M

Version 1
N valve protection cap 

(where applicable)

M O-ring 
(where applicable)

L socket head cap screw (M8)

K seal ring

Version 4
H valve protection cap

(where applicable)

G valve seal cap

F O-ring



3. GENERAL 
WARNING!
Hydraulic accumulators are
pressurized vessels and only
qualified technicians should
perform maintenance. For
additional information refer to
HOIST Operating and Installation
Instructions and HOIST
Maintenance Instructions.

Read all instructions thoroughly
before before beginning any type of
service or repair.

TOOLS REQUIRED
1. Gas Valve Core Tool.

2. Torque Wrenches.

3. Wrench(es).

INTERVALS BETWEEN
CHECKING GAS
PRECHARGE PRESSURE
The proper gas precharge pressure
should be set after each new
installation or repair by following the
instructions under the Operating
and Installation Instructions below.
It should be rechecked at least
once during the first week of
operation. If there is no loss of gas
precharge pressure, it should be
rechecked again in 3 to 4 months. 
Thereafter, it should be checked at
least once a year. Recharge
accumulator when necessary.

TEMPERATURE EFFECT
To ensure that the recommended
gas precharge pressure is
maintained, even at relatively low of
high operating temperatures, the
gas precharge pressure should be
adjusted for temperature. The
formula below relates the precharge
temperature (T0) to the operating
temperature (T).

Fahrenheit
P0,T0 = P0,T2 x (T0 + 460)T2 + 460

Celsius
P0,T0 = P0,T2 x (T0 + 273)T2 + 273

T0 = precharge temperature

T2 = maximum operating
temperature

P0,T0 = gas precharge pressure at
precharge temperature

P0,T2 = gas precharge pressure at
maximum operating
temperature

4. OPERATING AND
INSTALLATION
INSTRUCTION
PREPARATION
To check the gas precharge pressure
in an accumulator, it must first be
isolated from the system shut off,
and all hydraulic pressure relieved.

For accumulators with HOIST gas
valve version 4, unscrew the valve
protection cap “H” (where applicable)
and the valve seal cap “G” (see fig.  2).

For accumulator with HOIST gas
valve version 1, unscrew the valve
protection cap “N” (where
applicable). Slightly loosen the
socket head cap screw “L” with a 6
mm Allen wrench (approx. 1/6 turn,
see fig. 2). 

FPS Unit
Prior to connecting the charging
and gauging unit to an accumulator,
turn T-handle “A” counter clockwise
until resistance is felt. Close manual
bleed valve “B” by hand tightening.
Connect the unit to the accumulator
by screwing cap nut ”D” onto
HOIST gas valve version4; hand
tighten (see fig.1).

FPK Unit
Prior to connecting the charging
and gauging unit to an accumulator,
close manual bleed valve “B” by
hand tightening. Connect the unit to
the accumulator by screwing cap
nut “D” onto HOIST gas valve
version 1; hand tighten (see fig.1).

FPK Unit (with adapter FPK/SB)
Prior to connecting the charging
and gauging unit to an accumulator,
take adapter FPK/SB (see fig. 6)
and unscrew the socket head cap
screw 3 full turns counter clockwise
using the 6 mm Allen wrench. This
is done to prevent gas valve damage
and leakage upon installation. Screw
the adapter FPK/SB onto HOIST
gas valve version 4, hand tighten.
Close manual bleed valve “B” on
the FPK unit hand tight. Connect
FPK unit to adapter FPK/SB by
screwing cap nut “D” onto the
adapter; hand tighten.

CHECKING GAS
PRECHARGE PRESSURE
Connect the appropriate charging
and gauging unit to the accumulator
following the instructions under
“Preparation” (see page 5). 
Note: Temperature affects the gas
precharge pressure, please refer to
“Temperature Effect” (see page 5).

FPS Unit
Turn T-handle “A” clockwise a
maximum of 3 full turns from the full
counterclockwise position. The
gauge needle should indicate the
existing gas precharge pressure. If
there is no gas precharge pressure
indicated or if it is too low or too
high, please follow instructions
under the appropriate section, either
“Pressure Release” (see page 5) or
“Charging” (see page 6). If desired
gas precharge pressure registers,
please follow the instructions under
“Removal of Charging and Gauging
Unit” (see page 6).

FPK Unit
Turn T-handle counter clockwise a
maximum of 3 full turns. The gauge
needle should indicate the existing
gas precharge pressure. If there is
no gas precharge pressure indicated
or if it is too low or too high, please
follow instructions under the
appropriate section, either “Pressure
Release” (see page 5) or “Charging”
(see page 6). If desired gas
precharge pressure registers, please
follow the instructions under
“Removal of Charging and Gauging
Unit” (see page 6).

PRESSURE RELEASE
With the appropriate charging and
gauging unit attached as previously
described, gas precharge pressure
can be released by carefully opening
manual bleed valve “B”. Release the
gas precharge pressure very slowly
until the desired gas precharge
pressure is reached (this insures
that the gas temperature does not
fluctuate greatly, providing and
accurate gas precharge pressure).
Close the manual bleed valve “B”.
Allow the gas precharge pressure to
stabilize. (5 to 10 minutes) recheck,
adjust if required. Once the desired
gas precharge pressure is reached,
please follow the instructions under
“Removal of Charging and Gauging
Unit” (see page 6).



CHARGING

WARNING! 
Never use oxygen or air - this could
cause an explosion! Use dry nitrogen
or other recommended gases.

HOIST recommends the use of a
pressure regulator on the
commercially available nitrogen
bottle to regulate pressure to the
charging and gauging unit.

Note: Full nitrogen pressure may
damage the gauge.

Connect the charging hose to a
commercially available nitrogen
bottle by means of the G4 adapter
(other adapters are available, check
with factory for type); the adapter
connects to the cap screw “G1”.
Connect cap nut “M” of the
charging hose  to check valve “C”
of the charging and gauging unit
(see fig. 1). Connect the appropriate
charging and gauging unit to the
accumulator by following the
instructions previously described
(see page 5).

INITIAL CHARGING
When charging an accumulator that
has no initial gas precharge, allow
20 to 30 minutes for the gas
temperature and thus pressure to
stabilize. Recheck the gas
precharge pressure and adjust if
necessary.

FPS Unit
Turn T-handle “A” clockwise 3 full
turns. Proceed to “Filling”.

FPK Unit
Turn T-handle “A” counter clockwise 3
full turns. Proceed to “Filling”.

FPK Unit (with adapter FPK/SB)
Turn T-handle “A” clockwise 3 full
turns. Proceed to “Filling”.

PRESSURE INCREASE
When charging an accumulator that
has an existing gas precharge,
allow 5 to 10 minutes for the gas
temperature and thus pressure to
stabilize.

FPS Unit
Turn T-handle “A” clockwise until the
gauge needle begins to deflect, then
turn it another full turn. Proceed to
“Filling”.

FPK Unit
Turn T-handle “A” counter clockwise
until the gauge needle begins to
deflect, then turn it another full turn.
Proceed to “Filling”.

FPK Unit (con adapter FPK/SB)
Turn T-handle “A” clockwise until the
gauge needle begins to deflect, then
turn it another full turn. Proceed to
“Filling”.

FILLING
Open the shut-off valve on the
commercially available nitrogen
bottle and slowly fill the
accumulator with dry nitrogen gas.

Precharge very slowly until the
pressure in the accumulator
reaches 100 psi. Once 100 psi is
reached, the charging rate can
increase. Charging too quickly may
damage the accumulator.

Note: The gauge registers the line
pressure, not necessarily the
accumulator pressure while
charging.

After allowing the appropriate time
for the gas temperature and thus
pressure to stabilize, adjust the gas
precharge pressure as required,
refer to “Pressure Increase” (see
page 6) or “Pressure Release” (see
page 5).

Once the desired gas precharge
pressure is reached close the shut-
off valve on the commercially
available nitrogen bottle. Remove
the charging and gauging unit from
the gas valve as described under
“Removal of Charging and Gauging

Unit” (see page 6).

REMOVAL OF CHARGING
AND GAUGING UNIT
Close the shut-off valve on the
commercially available nitrogen
bottle before removing the charging
and gauging unit.

FPS Unit
Turn T-handle “A” counter clockwise
until resistance is felt to close the
gas valve. Open manual bleed valve
“B” to relieve pressure in the
charging and gauging unit. Proceed
to “Disconnecting”.

FPK Unit
Turn T-handle “A” clockwise until
resistance is felt to close the socket
head cap screw, hand tighten. Open
manual bleed valve “B” to relieve
pressure in the charging and
gauging unit. Proceed to
“Disconnecting”.

FPK Unit (with adapter FPK/SB)
Turn T-handle “A” counter clockwise
until resistance is felt to close the
gas valve. Open manual bleed valve
“B” to relieve pressure in the
charging and gauging unit. Proceed
to “Disconnecting”.

DISCONNECTION
Unscrew the charging and gauging
unit from the gas valve. Note: For
FPK unit with adapter FPK/SB it
may be necessary to loosen the
connection between cap nut “D”
and the adapter to remove the
charging and gauging unit. Check
for leaks. None are permissable.

COMPLETION
For HOIST gas valve version 1,
tighten socket head screw cap “L”
to 20 Nm (15 lb-ft), and screw on
valve protection cap “N” (where
applicable); hand tighten.
For HOISTt gas valve version 4,
screw on valve seal cap “G”
torquing to 30 Nm (22 lb-ft), and
valve protection cap “H” (where
applicable); hand tighten.



5. DIMENSION OF CHARGING AND GAUGING UNIT
Fig.3: Units FPS and FPK

FPS FPK

Note: Dimensions in mm.

6. SPARE PARTS
Charging and Gauging Unit Type:
FPS FPK

Item Description Dimensions Quantity Dimension Quantity
9 O-Ring 6 x 1 1 6 x 1 1

10 Seal-Ring A 10 x 13.5 1 A 10 x 13.5 1

11 Gauge Ø 63, conn. G 1/8 1 Ø 63, conn. G 1/8 1
(ISO 228) (ISO 228)

12 Check Valve DN 3 1 DN 3 1

13 Manual Bleed Valve Connection M 10x1 1 Connection M10x1 1

23 O-Ring 7.5 x 2 1 15 x 2 1

32 Seal-Ring Ø 20/11.5 x 2 1 Ø 20/11.5 x 2 1
elastomer ring elastomer ring



ADAPTER DIMENSIONS

Length 2.5 m (standard)

Length 4.0 m (optional)

Fig.7: Adapter FPK/SB

Note: Dimensions shown in mm

Fig.6: Adapter G4

Fig.5: Charging Hose











 

Return Line Filter 

Please change at 250hrs. Located in the engine 
compartment left side.  



RETURN LINE FILTER ELEMENT 

To change the filter element clean the surrounding area making sure it is free of dirt and grease to 

prevent contamination and hydraulic leaks.  

1. Loosen the 6 cover screws (Item 1) NOTE Do not remove them!

2. Turn the slotted cover (Item 2) counter clockwise unlock and remove it.

3. Remove the O-ring (Item 3) NOTE inspect and replace if necessary

4. Remove the diverter/bypass valve assembly (Item 4)

5. Pull out element and replace with the proper part #

6. Reinstall element making sure the grommet (Item 5) is in place NOTE part # H01846 has 2 

grommets

7. Reinstall the diverter/bypass valve assembly (item 4)

8. Reinstall the O-ring make sure it is in proper position (Item 3)

9. Reinstall the slotted cover (Item 2) turn it clockwise to lock. 

10.  Torque the cover screws (Item 1) in a star pattern.

Element 

H01846

Models F230 to 

F450  H01469 

Models F600 to 

F800  H01469-1 

Element 

H01641

1

3

2
4

5

5



LOW PRESSURE FILTER MODUFLOW
“V” OPTION-VISUAL INDICATOR 

The Visual Indicator to used to measure pressure drop across the filter. The colored bands indicate the 

condition the filter is in. 

1. Green = Normal operating condition 
2. Yellow = Change the filter 
3. Red = Bypass condition 

NOTE:  View while lowering the mast at full speed in order to get the correct 
measurement.

1

2

3



 

Suction Filter 

Change suction filter 
when changing the 
hydraulic fluid at 
1000hrs. Located in 
the tank on the left 
side of the truck. 
Use AW32 Hydraulic 
fluid 

 

Suction inside tank. 
Drain hydraulic oil 
before attempting to 
change the filter 

Drain Plug 

NOTE: This picture 
was taken from under 
side of the truck 



















Quality Hydraulic Fluids 

Today’s hydraulic fluid has to be tougher, to provide peak pressure and instant 

power through many hours of constant operation. It must stand up day after day in all 

types of systems. It has to be ready-to-go on cold winter mornings and not let down on 

hot summer afternoons. This means more oil punishment and need for built-in quality. 

Quality Hydraulic Fluid Needs: 

Anti-wear properties to prevent scuffing and excessive wear at high 

speeds, also high-pressure operations. 

High stability to resist oxidation, prevent varnish formation and deposits 

that foul systems. 

Rust resistant additives to prevent rust formation from moisture 

condensation.

Anti-foam agents to break up air bubbles in the fluid and prevent 

“foaming” that cause sluggish, erratic operations. 

Good viscosity index for easy flow at low temperatures without thinning 

out at high temperatures after hours of use.  

Seal conditioner properties to prevent cracking or excessive swelling of 

seal that can result in fluid leaks. 

The need for good quality hydraulic fluid is very important in today’s hard 

working vehicles. In today’s modern systems just any hydraulic fluid won’t do, the 

wrong fluid is a sure road to trouble. Always make sure that the hydraulic fluid you use 

meets or exceeds vehicle manufacture’s specification. 

Oil Storage & Handling 

Refiners of hydraulic oils take particular care to prevent contamination of any sort 

from entering the oil up to the time of delivery. It is just as important to exercise care in 

preventing contamination from entering after its delivery, during storage and handling.

Following these procedure is absolutely necessary to the proper operation of any 

hydraulic system or component. 

Storage:
Select a clean, dry spot. 

Store the drums on there sides. 

Cover the drums to prevent dust accumulation.  

Keep water form collecting on the top of the drum. Water can seep 

through the plug and into the oil. 

Avoid condensation in storage; drums must be protected from sudden 

temperature change. 

Handling:



Before opening a drum, wipe the top carefully to prevent dirt from falling 

into the oil. If by chance dirt gets into the oil make sure to strain the oil by 

using a 100-mesh screen. If available filter or centrifuge the oil, it is 

important to know that active earth type filters remove oil additives. 

Consult with your oil manufacturer for the correct filter. 

When drawing oil out of storage make sure to use a clean approved 

labeled container. If oil must be transported or stored in the container keep 

it tightly covered.

Filling:

Before removing the filler cap, wipe off plug or cap with a lint-free cloth. 

“Recommend” use a 10-micron filter or filtered nozzle on the container 

when pouring oil from a container into a reservoir. 

The reservoir should be tightly covered after filling the system. 

The container should be covered and stored in a clean place. 

Dust, water lint or contaminations of any kind can seriously damage the operation 

of the hydraulic system. Following the above-mentioned procedures can help 

prevent contaminating material from entering hydraulic system. 



Hydraulic Fitting Tightening Procedure 

1. Tighten fitting finger-tight until it stops turning, while moving the 

fitting lightly side to side to prevent cocking or thread damage. 

2. Lightly snug fitting with a wrench unit it bottoms out on the seat or 

port. Do not over tighten.



 
 
 

F-Series Mast Assembly 





Uprights

Service Intervals 
• All upright components should be visually 

checked every day during the Operator’s 
Daily Inspection.

• A thorough visual inspection should be 
performed by a trained service professional 
every 50-250 hours.

• Lift chains should be inspected and 
lubricated every 50-250 hours or monthly.

• Lift chain tension should be checked every 
50-250 hours or monthly.

• Upright and carriage roller checks should 
be performed every 50-250 hours or 
monthly.

• Roller patterns should be checked every 6 
months or after 1000 hours of service.

• Racking and drift tests should be performed 
every 50-250 hours or monthly.

• The complete extended inspection should 
be performed at least every year or 2000 
hours of operation.

Description 

The upright assembly includes the lift chains, free 
lift cylinders, carriage, forks, and upright or rails 
sets. Each of the components can be serviced using 
the tests, checks, adjustments, removal, and 
replacement procedures in the following Sections. 

The upright uses the hydraulic cylinders and chain 
sets to lift the carriage and rail sets. On standard, 
two-stage uprights, the free lift cylinders lift the 
carriage with the chains and directly lift the inner 
rail sets. On triple stage-uprights, the free lift 
cylinder lifts the carriage by the chains. When the 
free lift reaches its maximum extension, fluid is 
diverted to the rail lift cylinders, which lifts the 
inner rails using a second set of chain, and lifts the 
intermediate rails by direct lift. 

Friction and play between the nesting rails is 
controlled by roller sets mounted on the rails 
carriage. When rails or rollers become worn, the 
gap between the rollers and rails becomes larger, 
creating more play in lifting and lowering 
operations. The rail-web-to-roller-side clearances 

can be reduced by shimming the rollers to close the 
gap between the roller and rails. 
Forks use a hanger design for mounting on the 
carriage. Auxiliary attachments may be added to 
the upright for specialized handling operations. To 
operate the attachment, the hydraulic circuit is 
modified with a hose adaptation kit, and an 
auxiliary section is added to the main hydraulic 
valve.

The free lift and rail lift cylinders on standard 
uprights and triple-stage uprights (TSUs) may be 
either piston or ram type cylinder. The free lift 
cylinder on TSUs is a piston type cylinder. See 
chart under “specifications” to determine the type 
of cylinder used on the upright you are servicing. 

Piston-type cylinders contain a bypass check valve 
in the piston that allow any fluid that has 
accumulated in the rod end of the cylinder to return 
to the system. The check valve can be removed and 
cleaned if indicated by troubleshooting. A velocity 
fuse in the hydraulic port of the free lift cylinders 
prevents the mast from falling rapidly in case of 
sudden fluid pressure loss due to line breaks. 

The main pump sends fluid to the main hydraulic 
control valve, which contains spools that route 
fluid to the lift cylinders and tilt cylinders. The 
valve assembly also contains counter-balance valve 
the prevents upright tilt when the truck is not 
operating.

Fluid flow rates for lift functions are factory-set 
and not adjustable. Flow rates for tilt and auxiliary 
functions are controlled by changing the flow 
cartridges on the main hydraulic valve. A non-
adjustable “load-lowering” flow valve mounted on 
the upright limits upright lowering speed. 







Mast Hinge Bearing Bolt Locations and Maintenance Procedures 
 

The Mast Hinge Bearing is a load bearing assembly that is a part of the mast that 
pivots on the two-machined surfaces of the drive axle. There are two hinge bearing right 
and left assemblies on the mast. Two socket head cap screws item (7) with high collar 
lock washers item (6) are used to mount the hinge-bearing cap item (5) to the hinge 
bearing assembly. NOTE FKS Series model used (1-8”x3.5” SHCS socket head cap 
screws with nylon patch) with 1” High Collar Lock Washers. F Series model used 
(M24x100x60mm SHCS) with 24mm High Collar Lock Washer. There are two brass 
dowel pins item (2) that retain the upper and lower bearings in the proper position. The 
hinge bearings are lubricated through the two lube fittings item (1) using a grease gun. 
NOTE it is very important that the hinge bearings are lubricated during every PM 
using good quality grease to prevent damage to the hinge bearings and drive axle. 
The upper hinge bearing item (3) supports the mast weight and load weight. The lower 
hinge bearing item (4) and cap item (5) retains the bearing and mast in its proper location. 
Due to bearing wear, lack of lubrication, vibrations and other variables from material 
handing operations, hinge-bearing bolts can come loose and fall out. When doing 
preventive maintenance every 500hrs it is important that the torque of the hinge bearing 
bolts be checked. 
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Checking the Hinge Bearing Cap Screws 
 
It is very important that the torque of the mast hinge bearing cap screws be 

checked every 500hrs. Failing to do so can result in lost of the hinge bearing cap, cap 
screw and hinge bearings plus damages to the mast and drive axle.  

To gain access to the cap screws it may be necessary to raise the truck up and 
remove the drive tires. 

 
WARNING! 
Lifting or jacking any large piece of equipment such as a fork truck presents 

obvious hazards. It must be done with great care and forethought. Consult the truck 
weight information that can be found on the trucks data plate specification, to 
ensure that your lifting equipment is of adequate capacity. 

 
WARNING! 
Defective equipment can cause accidents! All tools and lifting equipment 

must be in good condition. Meet the load requirements and have OSHA labels when 
required. Tools with defects can fail and causing severe injury or death. 

 
1. Put blocks on each side (front and back) of the steering tires to prevent movement 

of the lift truck.    
 

2. Put the mast in a vertical position.  Put a block under each outer mast channel. 

 
 

3. Tilt the mast fully forward until the drive tires are raised from the surface. 
 

4. Put additional blocks under the frame behind the drive tires.       
 

5. Tilt the mast back until the weight is off the blocks of the outer mast channel. 
 

6. The drive tires may be removed if necessary to gain additional clearance 
 



7. If the hydraulic system will not operate, use a hydraulic jack under the side of the 
frame near the front.  Make sure that the jack has a capacity equal to at least half 
the weight of the lift truck.  See the nameplate.  

 
 
 
 
 
 

8. NOTE:  Some lift trucks have lifting eyes.  These lift points can be used to raise 
the lift truck with a crane so that blocks can be installed. 

 
9. For the FKS models with 1-8”x3.5” torque 545 Ft-lbs, Check the cap screws with a 3/4" 

Allen Socket and Torque Wrench. 
 

 
10. For the F Series models with M24x100x60mm torque 585 Ft-lbs, Check the cap screws 

with a 19mm Allen Socket and Torque Wrench. 
 
 
Removal and Installation Hinge Bearing Cap and Screw 
 

1. Make sure that the area of both hinge bearing cap, mating surface and related parts is 
clean free of dirt and grease. 

2. Inspect the cap, mating surface and bearing for imperfections, pay close attention to the 
corners, dress the surfaces with a file if necessary to remove dings. Replace Hinge 
Bearing if necessary. Note consult your Hoist Service if there is excessive wear or 
damages. 

3. Clean the threads of the screw and hinge bearing using low-pressure air and a 
degreaser. Note wear safety goggles and gloves. 

4. Apply Loctite 271 Tread Locker to the surface of the bolt thread. 
5. For the FKS models Install the cap and screws, install the screws using a 3/4" Allen 

Socket and Socket Wench with equal amounts turns until the cap is seated with no gaps. 
6. For the F Series models Install the cap and screws, install the screws using a 19mm 

Allen Socket and Socket Wench with equal amounts turns until the cap is seated with no 
gaps. 

7. For the FKS models Torque the bolts equally to 545 Ft-lbs Note consult your Hoist 
Service if there is gaps between the cap and mating surface 

8. For the F Series models Torque the bolts equally to 585 Ft-lbs Note consult your Hoist 
Service if there is gaps between the cap and mating surface 

 
  
NOTE: ALWAYS USE HOIST APPROVED REPLACEMENT 

PARTS 
 
 

 



FKS Mast Service Instructions 
 

The mast on the fks truck can be disassembled on the truck with the use of an overhead 
crane or a lift truck with adequate lifting capacity.  
 
Warning! Lifting or jacking any large piece of equipment such as a fork truck 
presents obvious hazards. It must be done with great care and forethought. Consult 
the truck weight information that can be found on the data plate specification, to 
ensure that your lifting equipment is of adequate capacity. 
 
Warning! Defective equipment can cause accidents! All tools and lifting equipment 
must be in good condition. Meet the load requirements and have OSHA labels when 
required. Tools with defects can fail and cause severe injury or death.  
 
To service the carriage or inner channel the assemblies must be removed from the outer 
mast channel. The carriage is removed from the bottom of the inner channel assembly. To 
perform the services to rollers, pins and make other repairs use the following instructions. 
Note: If the mast assembly is removed from the truck face the carriage up. 
 

• Remove forks or any attachments and fully lower the carriage. 
• Remove all keeper plates that retain the pins for the two web rollers and two 

swivel link roller assemblies from the top of the outer mast. 

  

Keeper Plate 

Keeper Plate 
Web Roller 

Swivel Link Roller Assembly 



• Remove the large center 1 ½ hex nut from the top of the apron carriage. Secure 
the lift cylinder with a jack or blocks if mast is removed from truck and work is 

done on the floor.  
• The inner channel and carriage can now be lifted out from the outer channel. 

 
To remove the carriage from the inner channel lay the assembly on the floor with the 
carriage facing up. 
 

• Remove the M10x12 socket set screws that retain the pins from the two swivel 
links. Remove the pins and swivel link assemblies.  

• Remove the two .250 x 2.00 roll pin that retain the two web rollers. Remove the 
pins and web rollers. 

       
 
 
 
The carriage now can be removed from the bottom of the inner channel. 
 
Removing the track rollers from the apron carriage: 

• Loosen the two M12x30 HHCS about 2 to 3 turns and lightly tap on the screws to 
pop loose the apron roller pin shaft. 

• Remove the two M12x30 HHCS and remove the apron roller pin. 

1 ½ -12 Hex Nut 

Web Roller 

Swivel Link Roller Assembly 

M10x20 Set Screw 

.250 x 2.00 Roll Pin 



       
 
 
 
 
 
 
 
 
Removing the cam rollers from the apron carriage: 

• Using a .250 punch knock the roll pin out from the apron carriage. 
• Knock the pin out using the access holes in the front of the apron carriage and 

remove the cam roller pin. 
 

Track Roller 

Cam Roller 

M12x30 HHCS 

Roll Pin  
.250x 2.00 

Cam Roller Pin 

Apron Roller Pin



  













Mast Flaking 
 

 
It is not uncommon for a new mast to show signs of flaking, leafing, peeling or what 
appears as some minimal roller gouging. This appearance is indicative of the rollers 
seating during an initial break-in period and is considered normal. This condition will 
alleviate itself after a nominal wear-in period. Grease applied to the channel can, and 
will, retain any particles or flaking and actually serve to properly work harden the 
surface(s) in question. 
 
Masts are not typically lubricated prior to shipment to prevent contamination of dirt and 
other debris during transit. When applying grease make sure surfaces are clean and dry 
and free of any debris. Do NOT use steam or pressure washing to clean the areas to be 
greased as these processes can contaminate chains and rollers and compromise their 
internal lubrication. Do NOT apply excessive amounts of grease causing the rollers to 
slide rather then roll. 
 
To properly access all portions of the rail it may be necessary to extend the mast 
channels and carriage. Please refer to maintenance manual and observe safe blocking 
and securing of the mast to prevent injury. 
 
 

 
 
 
 

Hoist Mast lube part number M13512 can be purchased from the Hoist parts department. 



Take the fork caliper and 
measure the upright portion 
of the fork with the two 
larger tabs on the caliper.  
These will be your “0” 
measurement. *see figure A 

FORK CALIPER 

Figure A 



 

Without changing the 
dimensions of the caliper, 
measure the bottom portion of 
the fork, at thinnest point.  If 
the smaller tabs slide over 
farther on the fork, then you 
have more than 10% of wear 
on the heel and the forks 
should be replaced. 



 
 
 

F-Series Lubrication 



F SERIES LUBRICATION 
 
This is a list of recommended lubrications always use a good quality equivalent type. 
 
WARNING! ALWAYS USE A CLEAN APPROVED LABEL CONTAINER TO 
PREVENT CONTAMINATION. 
 
 
DRIVE AXLE 
TYPE 80-90W MIL-L-2105 C or API GL5 
 
HYDRAULIC FLUID 
TYPE AW 32 
 
 
TRANSMISSION “CLARK 32000” 
TYPE SAE 30W 
CAPACITY 5GAL W/ FILTER “Approximately”  
 
ENGINE GM 5.7 
TYPE CITCO 10W30 
CAPACITY 5QT W/FILTER 
 
ENGINE COOLANT   Use a 50% soft water coolant mixture Note: Do not use more 
than 50% Antifreeze above –37C (-35F) NEVER: Use more than 68% Antifreeze under 
any condition. 
 
CHASSIS  
TYPE LITHOPLEX RT2 GREASE 
 
MAST 
TYPE LITHOPLEX RT2 GREASE 
 
 
STEER AXLE 
TYPE LITHOPLEX RT2 GREASE 
 
 
 
 
 
 
 
 
 



FKS MAST LUBE POINTS 
It is recommended that the moving parts of the mast be lubed with a good quality grease 
“LITHOPLEX RT2” every 250hrs 
  
 

 
 

 
          
 
 
 

Upper Mast Roller and 
Swivel Link Fittings 

Fork Fittings 
Fork Shifter 
Cylinder Rods 
End Fittings 

Fork Hooks 
Grease Along The 
Lower Bar 

Not Shown Apron 
Guide Roller Pin 
Fittings 

Swivel Link Roller 
Fittings 

Hinge Bearing 
Upper and 
Lower Fittings 

Tilt Cylinder 
Fittings 



FKS DRIVE AXLE LUBE POINTS 
It is recommended that the moving parts of the drive axle be lubed with a good quality 
grease “LITHOPLEX RT2” every 250hrs  
 
 

          
 
 

 

Slack Adjuster 
Fittings and Backing 
Plate Fittings 

Drive Shaft U-Joint 
Fittings Drive and 
Motor Ends 

Drive Axle Fill Plug/Drain Plug Location. To check the 
level of the oil the truck needs to be on a level surface. 
Rotate the drive axle till the axle drain/fill plug is level with 
the floor. Oil level is just even below the drain plug. To 
drain the from the axle end rotate 90 the axle till the drain 
plug is facing down. Not shown is the drain /fill/center plug 
of the center section. To drain center section remove the 
bottom plug. To fill remove the top plug and fill till oil is 
even with or just comes out of the center plug. Use 80W/90 
Gear Lube. 

Drive Axle 
End 

Center Section 



FKS STEER AXLE LUBE POINTS 
It is recommended that the moving parts of the steer axle be lubed with a good quality 
grease “LITHOPLEX RT2” every 250hrs  
 
 

 
 
          
 
 
 

Lower King Pin 
Fittings 

Steer Cylinder Pins 

Steer Tie Bar 
Pin Fittings 

Upper King Pin 
Fittings 

Steer Axle Wheel Bearings 
“See Grease Wheel Bearing” 



  

                              
 

 
 
 
 

GREASING WHEEL BEARINGS 
 

 
 
Procedures:  
 

A. Raise the seat frame. 
B. Disconnect the negative battery cable. 
C. Engage the parking brake. 
D. Raise the steer axle off the ground and support 
E. Remove steer wheels by pulling steer wheel cup.  Remove cotter pin, 

slotted hex nut and wheel.   
F. Remove inner wheel bearing with proper bearing spreader, being 

careful not to damage the roller cage. 
G. Remove contaminated grease from bearings, wash bearings with 

solvent and dry bearings with air being careful not to spin the bearings. 
H. Examine bearings for pits, corrosion, or wear. 
I. Replace bearings if they are damaged. 
J. Pack bearings with Lithoplex RT2 grease or equivalent. 
K. Using a suitable Mandrel, Press the inner bearing onto the spindle. 
L. Slide wheel onto spindle and install the outer bearing, washer and nut. 
M. When tightening steer wheel nuts make sure to spin wheel while 

tightening nut. When correct preload is present back the slotted hex 
nut off to the first flat and secure with cotter pin. Clean wheel cap off 
and apply bead of silicone just under crown of cap and install cap, this 
will prevent water from entering wheel bearings. 

N. Take truck off of blocks. Reconnect negative battery cable. Close seat 
frame. Test drive to assure steering operates correctly. 

 



 

F Series IGNITION DELAY 

IGNITION  DELY 
M06189 NOTE: 
location of this part 
may not be mounted as 
shown. 

NOTE: IT IS VERY IMPORTANT THAT 
IGNITION DELAY IS NOT BYPASSED 
FOR ANY REASON. DAMAGES TO 
THE ENGINE AND STARTER CAN 
RESULT. 

The purpose of the ignition delay is 
to insure that the engine has started to 
rotate prior to the voltage being 
supplied to the ignition coil and spark 
plugs. This prevents a kickback that 
could occur if a small amount of fuel 
remains in one or more of the 
combustion chambers. 
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SHEET 2

RED 18G

RED 18G

RED/GRN 14G

GRN 18G

WHT/PUR 18G

CHECK GAUGES

CHECK ENGINE

BLU/WHT 14G
2

9

3

12

WHT 22G

BLK 22G
3

10

CAN ENG

ENGINE
J1939
CONN.

SHLD
ENGINE
CONN.

1

8

5

SIDE SHIFT
LEFT/RIGHT

SPREAD
IN/OUT

TILT
IN/OUT

RED 20G

RED 20G

WHT 20G

BRN 20G

LIFT
UP/DOWN

F

B

A

D

C

EGREEN/RED

YELLOW/GREEN

PINK/BLACK

WHITE

BLACK

GREEN

F

B

A

D

C

EGREEN/RED

YELLOW/GREEN

PINK/BLACK

WHITE

BLACK

GREEN

F

B

A

D

C

EGREEN/RED

YELLOW/GREEN

PINK/BLACK

WHITE

BLACK

GREEN

F

B

A

D

C

EGREEN/RED

YELLOW/GREEN

PINK/BLACK

WHITE

BLACK

GREEN

RED 20G

RED 20G

YEL 20G

BRN 20G

2

3

4

RED 20G

RED 20G

GRY 20G

BRN 20G

RED 20G

RED 20G

GRN 20G

BRN 20G

YEL/WHT 20G
9

HOIST LIFTRUCK NUMBER:

REVISION DATE:

CREATION DATE: 8/10/2009 3:54:46 PMAUTHOR

MARCIN SZARA

DESCRIPTION

ELECTRICAL SCHEMATIC

NAME

F-SERIES MD3 2009 MAIN CONTROLS

PUR 16G

PUR 18G

PNK/
WHT
14G



01

01

02

02

03

03

04

04

05

05

06

06

07

07

08

08

09

09

10

10

11

11

12

12

13

13

14

14

15

15

16

16

A A

B B

C C

D D

E E

F F

G G

H H

I I

J J

NEUTRAL START

24

RED/WHT 20G

5

4

14

1
ADDRESS

TAG 1

6

23

22

9

8

37

2 WIRE SHIELDED
CABLE

BLK 22G

WHT 22G

TRANSMITION
SPEED SENSOR

WHT/RED 20G REVERSE ALARM

REVERSE

YEL/BLK 18G

BLU/BLK 18G

GRN/BLK 18G

ORG/BLK 18G

2-ND SPEED

1-ST SPEED

FORWARD

PRESSURE
TRANSDUCER

11
PNK/BLK 20G

BLK 20G

PNK 20G
B

A

C

R2
120 OHM

31

BLU/WHT 16G

YEL/WHT 16G

30

BRN 16G

GRY/WHT 16G

HOIST
UP

3

33

19

32

18

17

2

16

ORG 16G

ORG/WHT 16G

BLU 16G

GRN/WHT 16G

GRN 16G

YEL 16G

WHT 16G

GRY 16G

FORKS
RIGHT

FORKS
LEFT

FORKS
OUT

FORKS
IN

TILT
OUT

TILT
IN

HOIST
DOWN

PUR 16G

CAN MD3

40

26

15

28XA2
MODULE

BLK 22G

WHT 22G

SHEET 1 OF 2

SHEET 1 OF 2

BLK 16G

SHEET 1 OF 2

SHEET 2

RED/BLK 18G

WARNING
STROBE

7

38GRN/BLK 20G

39

1000 OHM
1/4 WATT

GRN/WHT 20G

1000 OHM
1/4 WATT

330 OHM
1/4 WATT

FORWARD

REVERSE

1 ST

2 ND

1

8

6

5

2

4

330 OHM
1/4 WATT

1000 OHM
1/4 WATT

1000 OHM
1/4 WATT

PNK 20G

PNK 20G

BLK 20G

ORG/WHT 20G

ORG/BLK 20G

SHEET 1

BLK18

BLU/RED 20G

PARK
BRAKE

AIR
FILTER

GRY/WHT 20G

WHT/BLK 20G

TRANS
FILTER

HYDRO
FILTER

BRN/WHT 20G

TRANS
TEMP1 KOHM

RED/YEL 20G

13

SHEET 1

29

42

BLK 18G

PUR 18G 1

2

CELLULAR
MODEM
POWER

21

34

35

25

PUR 20G

PUR 20G

PUR 20G

PUR 20G

PUR 20G

HOIST LIFTRUCK NUMBER:

REVISION DATE:

CREATION DATE: 8/10/2009 3:54:49 PMAUTHOR

MARCIN SZARA

DESCRIPTION

ELECTRICAL SCHEMATIC

NAME

F-SERIES MD3 2009 HYDRO CONTROLS

BLK 20G

BLK 20G



01

01

02

02

03

03

04

04

05

05

06

06

07

07

08

08

09

09

10

10

A A

B B

C C

D D

E E

F F

COLUMN TO MAIN HARNESS
8 PIN CONN.FEMALE ON COLUMN

1- PNK           20G
2- ORG/WHT  20G
3- ORG/BLK   20G
4- BLK           20G
5- WHT/PUR  18G
6- TAN/WHT  18G
7- GRN          18G
8- RED          18G

COLUMN TO MAIN HARNESS
8 PIN CONN.MALE ON COLUMN

1- PNK           14G
2- ORG/WHT  14G
3- GRY           14G
4- GRY/WHT   14G
5- PUR           14G
6- RED/BLK    14G
7- BLK/WHT    14G

8-

ENGINE TO MAIN HARNESS
31 PIN CONN.MALE ON ENGINE

1- WHT    22G CAN ENG
2- BLK    22G  CAN ENG

3- WHT   22G  TSS
4- BLK    22G  TSS
5- WHT/BLK   20G
6- GRN          20G
7- BLU           20G
8- RED/YEL   20G
9- RED/BLK   20G

10- RED/BLK   20G
11- BRN/WHT  20G
12- BLK/YEL   20G
13- BLK/YEL   20G

14-
15- WHT/PUR  18G
16- TAN/WHT  18G
17- YEL/BLK   18G
18- ORG/BLK  18G
19- GRN         18G
20- GRN/BLK  18G
21- BLU/BLK  18G
22- PUR          18G
23- GRN          14G
24- BLU           14G
25- BLU/WHT   14G
26- RED          14G
27- RED/WHT  14G
28- RED/WHT  14G
29- RED/WHT  14G
30- RED/WHT  14G
31- RED/GRN  14G

BOX TO ARMREST CONN.
23 PIN MALE ON BOX

A- WHT  22G (4 WIRE)
B- GRN  22G  (4 WIRE)

C- BLK  22G  (4 WIRE),(USB)
D- WHT  24G (USB)
E- GRN  24G (USB)

F- WHT  22G CAN XA2
G- BLK  22G CAN XA2

H- WHT  22G CAN ENG
J- BLK   22G  CAN ENG

K- GRN/YEL  20G
L- PNK  18G
M- BLK  18G

BOX TO MAIN HARNESS
16 PIN CONN.MALE ON BOX

A- WHT         16G
B- YEL          16G
C- YEL/WHT  16G
D- ORG         16G

E- ORG/WHT  16G
F- GRY          16G
G- GRY/WHT  16G
H- GRN          16G
J- GRN/WHT   16G
K- BLU           16G
L- BLU/WHT   16G
M- PUR          16G
N- BRN           16G
P- RED/WHT  14G
Q- RED/WHT  14G
R- BLK           14G

BOX TO MAIN HARNESS
31 PIN CONN. MALE ON BOX

1- WHT 22G CAN ENG
2- BLK  22G CAN ENG

3- WHT 22G TSS
4- BLK  22G TSS
5- WHT/BLK  20G
6- PNK         20G
7- PNK/WHT 20G
8- PNK/BLK  20G
9- ORG/WHT 20G
10- ORG/BLK 20G
11- GRY/WHT 20G
12- BLU/RED  20G
13- RED/YEL  20G
14- BRN/WHT 20G
15- BLK         20G
16- YEL/BLK  18G
17- TAN/WHT 18G
18- PNK         18G
19- ORG/BLK  18G
20- GRN/BLK  18G
21- BLU/BLK  18G
22- RED/BLK  18G
23- PNK/WHT 14G
24- ORG         14G
25- ORG         14G
26- ORG/WHT 14G
27- BLU          14G
28- RED/GRN  14G
29- RED/BLK   14G

XA2
MODEM

RESISTOR
BOX

POWER RELAY

REVERSE RELAY

NEUTRAL START RELAY

HOIST LIFTRUCK NUMBER:

REVISION DATE:

CREATION DATE: 8/18/2009 12:18:58 PMAUTHOR

MARCIN SZARA

DESCRIPTION

WIRING

NAME

F-SERIES MD3 2009 



X

Y



X

Y



X

Y



X

Y



X

Y
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